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the Star Point Sandstone (See Appendix 7-N), rather than one single aquifer within the Star Point

sandstone and Blackhawk formation.

A detailed hydrogeologic evaluation of the Star Point aquifers is included in Appendix 7-

N. General observations concerning the groundwater hydrology and geology of the permit area

and surrounding areas are presented in Appendix 7-N.

Existing Groundwater Resources

Groundwater occurs under both unconfrned and confined conditions in the permit area.

The unconfined conditions occur as local perched zones within bedrock and as saturated zones in

shallow alluvial deposits along the main drainage bottoms and in the surficial soil mantle, and

are expressed as local seeps. Confined conditions occru at depth and are either fault controlled,

with the faults serving as channels and/or barriers to groundwater flow, or controlled by an

aquifer being overlain by an impermeable layer.

Data obtained from our investigations encountered perched water within the lower

portion of the Blackhawk formation. Mine roof seeps, however, do not exhibit seasonal

variation or response to precipitation and consist of persistent, relatively unvarying seeps or

infiltrations. The source of these seeps is apparently from larger, overlying perched zones,

exposed sufhciently by mining activities to allow slow drainage or possibly areas of joint

systems, sufficiently interconnected to provide a larger source area.
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Drillhole data also indicated that three separate aquifers exist within the Star Point

sandstone tongues. The investigation of these aquifers is presented in Appendix 7-N.

Fracture-enhanced permeability allows water to pass vertically through strata, which

would normally impede flow. Depending on the extent to which the fractures are interconnected,

vertical groundwater flow can be limited to a short distance, or it can extend to the regional water

table. Joint systems at the surface exhibit enlargement by weathering but, based on observations

within the mine, are expected to be generally closed or possibly non-existent with depth. Only

minor, localized diversion of flow within the mine is expected to take place through the joint or

fracture systems with no significant affect on regional flow pattems. The degree of rock

fracturing in the Bear Canyon seam and overlying mine roof rock is relatively low, based on

visual observations of the rock quality within the mine and general lack of mine roof over-break.

Outcrop examinations indicate the joint systems are not extensively interconnected.

Springs in the area, specifically Big Bear Springs, located next to the southeast corner of

the permit area, are the most significant water resource for the area. Mining activities have not

affected the volume or quality of the flow of these springs for the reasons discussed in the

following paragraph (See Appendix 7-N and Appendix 7-N).

Flows for the two major springs adjacent to the perrnit area, Big Bear Spring and Birch

Spring, as well as flows for two additional springs, Little Bear Spring and Tie Fork Spring, have

been included in Appendix 7N-D. Annual plots of the flows are shown in Appendix 7N-ti. Plots

of the flow from Big Bear Spring show that peak flows during the period of 1980 through 1986
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occured about one month later than peak flows at the Huntington gauging station. In the 1987-

1988 water year, the lag period between peaks in the stream and spring discharge is

approximately two months. This increase in lag time is attributed to a combination of lower

precipitation accumulations and shorter snowmelt period (See Appendix 7-N, section 2.7.3).

Because the period of record flows for Birch Sp.ing is limited (Appendix 7-N, section 2.7.4\, a

comparison of flows to Huntington Creek prior to 1990 cannot be made.

Aquifer Characteristics

Appendix 7-N, Section 4.0 discusses the groundwater aquifer characteristics in detail.

Plate 7-4 identifies the locations of springs and water monitoring points within and adjacent to

the Permit Area. A generalized stratigraphic section of the geologic units is shown in Apperrdix

7-N, Figure 5. Plate 7J-l and 7J-2 show hyrologic cross-sections, which illustrate the projected

potentiometric surfaces within the permit areas.

Field measurements and drill hole data indicate the regional strike, dip and bedding

thicknesses are quite uniform within the mine permit area. Four drillholes were drilled

immediately North of the permit area and investigated by Savage Energy Services Corporation

('l-1,2,4. 5). Three additional drill holes were drilled by Co-Op in the same area (SDH- 1.2,3).

Three holes were also drilled north of Wild Horse Ridge by Cyprus/Plateau (MW- I 14. t l6.l l7).

Lithology and water level information for all of these holes except MW-l14 is shown on Plate 7-

9. Projections of bed elevations obtained from this drill hole data were in close agreement with

the equivalent bed elevations at the site, at a regional dip of approximately two degrees south.
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area. The initial interception of groundwater, expressed as roof seeps, by the mine workings was

approximately 3-Yz acre ftlyr.

In 1989, a signihcant amount of water was encountered in the I't North Section of the

Blind Canyon Seam, expressed as roof drips and flowing from roof fractures. Mining eventually

encountered the apparent source of this water, a significant channel sandstone, which traverses

East-West along the North end of the mine. The exact dimensions and configuration of this

channel is unknown. Isotopic dating of the water in this aquifer has indicated the water to be

approximately 1,000 years old. It is anticipated that Co-Op will eventually dewater this aquifer.

Surface and groundwater monitoring has indicated no hydraulic connection between this aquifer

and any springs in the permit area. To date, no impacts as a result of this dewatering have been

observed in any of the springs within the permit area. Additional discussion on this channel is

given in Appendix 7-N.

Isotopic dating of Big Bear Springs, as well as chemical analysis, has indicated that the

spring is not hydrologically to the mine water or the channel aquifer. Monitoring of Big Bear

Springs, as well as Birch Spring and the other springs within the permit area will continue in

order to ensure that no impacts due to mining occur. A description of the isotopic and chemical

data of the mine water and springs is shown in Appendix 7-N. In 1998, surface wells SDH-2 and

SDH-3 were sampled for baseline parameters and for isotopic dating. This information is

discussed in Appendix 7-N.
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Hydrologic information from monitor wells MW-114, 116, and ll7 indicate that the

uppermost tongue of the star point sandstone is unsaturated under Wild Horse Ridge. A detailed

discussion of this aquifer is given in Appendix 7-N.

Aquifer Recharge

Snow at the higher elevations provides the greatest source of groundwater recharge.

Deuterium analyses of groundwater in the region indicate that most, if not all, groundwater is

derived from snowmelt (Danielson et. al., 1981). The percentage of water derived from

snowmelt, which recharges the groundwater system versus that which runs off to stream flow is

controlled by the surface relief, the permeability of exposed strata, the depth of snow pack, and

the rate of snowmelt. Published precipitation contours for the area indicate annual precipitation

of 17 to l8 in./yr for the permit area.

Evapo-transpiration is estimated to be on the order of three to four inches annually

(Danielson, et. al., l98l). Surface runoff, based on a mean site elevation of 8200 ft and on the

generally deeply incised nature of much of the permit area and the predominance of south, east

and west-facing slopes, is estimated to be ll to 12 in.lyr. These values correspond to estimates

by others for the general area (Intermountain Consultants , lg77).

Up to three inches average annual precipitation is thus available for recharge for the

1140-acre permit area, resulting in an equivalent 285-acre fl/yr. The large proportion of outcrop

versus total surface area of most of the permit area makes outcrop areas and drainage channel
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alluvium the principal recharge sources, with the soil mantle

the north part of the area.

becoming increasingly important in

Additional discussion on groundwater recharge is given in Appcndix 7-N and 7-N,

section 2.4.2.

Aquifer Water Quality

Results of baseline water sample analyses for the Bear Canyon fee area are presented in

Tables 7.1,7.2 and7.3. The chemical characteristics of the ground and surface water in the

permit area are quite uniform with the exception of higher suspended solids content in the

surface water. It is noted that sulfate contents are lower in the Bear Springs samples while

surface water (Bear Creek), in contact with an appreciable section of the Star Point Sandstone in

its lower reaches, is relatively high in sulfate. Previous studies (Danielsen, et. al., 1981) indicate

water derived from the Star Point aquifer is higher in sulfate than the overlying units. This is

additional indication that the Bear Springs supply is not the Star Point-Blackhawk aquifer.

Baseline water quality data for the springs in and around Wild Horse Ridge and Federal

Lease U-024316 are presented in Appenctix 7-M. The majority of the springs identified flow

from faults and joints in the North Horn and Price fuver formation. The chemical characteristics

of these springs are similar to the other springs within the permit areas. Spring WHR-6 (SBC-

14), which issues from the Star Point Sandstone (Spring Canyon Tongue), displays sample
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results for TDS consistently over 1500 mg/I. This is similar to the quality observed in Well

SBC-3, and is tlpical of water quality from the Star Point Sandstone.

Appendix 7-M includes some water quality information for the McCadden Hollow

springs around Lease U-024316 for 1991 and 1992 and information from springs in the

MoMand Area. A 2010 evaluation of the monitoring plan resulted in long-term data summaries

found in Appendix 7-N. Water quality information is also summarized in Appendix 7-N, the

PHC document.
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Effects of Mining on Surface Water

The operation of Bear Canyon Mine by C. W. Mining is expected to have only a very

minimal effect on surface water on the area. The quality of Bear Creek before passing through

the rnine plan area is poor. Genelally, as the excess mine water is discharged into Bear Creek;

the surface water qualrty is improved significantly after passing through the mine site. The

potential impacts to surface waters are discussed in Appendix 7-N, section 9.1.2. The greatest

potential impact of mining operations is probably an increase in sediment loading to Bear Creek.

Controls and diversion structures have been constructed to prevent sediment-laden water from

disturbed area from mixing with local surface water, to minimize the mining impacts on the

receiving stream waters.

724.300 Geologiclnformation

Geologic information for use in determining the probable hydrologic consequence of

mining operations upon the quality and quantiry of surface and ground water, whether

reclamation can be accomplished, and whether the proposed operations have been designed to

prevent material damage to the hydrologic balance outside the permit area is discussed in detail

in Chapter 6 Geology (R645-301-624) andunder numerous headings in this chapter.
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No alternate water source is needed since we do not expect to impact any current water

sources as explained in R645-30I-724.100 and R645-301-724.200.

R645-301-728 Probable Hydrologic Consequence Determination

See Appendix 7-N.

R645-301-729 Cumulative Hydrologic Impact Assessment

See Appendix 7-L.

R645-301-730 Operation Plan

R645-30r-731 General Requirements

7-44 8t24n0



731.100 Hydrologic Balance Protection

Effects of Mining on Groundwater Balance

Mining operations in the permit area will be contined to the coal bearing strata within the

basal part of the Blackhawk formation. The coal strata are generally dry throughout most of the

permit area, with the Tank Seam being dry throughout the entire property, and are part of an

undeveloped aquifer system, which consists of a series of generally discontinuous perched water

zones within the Blackhawk formation. Overlying formations are not uniformly saturated. The

Star Point Sandstone is unsaturated in the Southern and Eastern parts of the permit area, and

saturated in all three tongues on the Northwestern end of the permit area. The potential

groundwater impacts are discussed in detail in Appendix 7-N, section 9.0. The potential impacts

can be categorized into two basic sections: 1.) Potential impacts to groundwater quantity and 2.)

Potential impacts to groundwater quality.

Quanfity

Mining affects on water quantities consist of interceptions of local perched zones, and the

interception of a larger perched aquifer at the North end of the Blind Canyon Seam workings.

Investigations have shown that this aquifer is not hydraulically connected to Big Bear or Birch

Spring (Appcndix 7-N), so dewatering of this aquifer will have no impact on the quantity of

these springs. These waters are collected in sumps within the mine and either diverted for

culinary water and dust control or it is discharged into Bear Creek. Groundwater surveys are

conducted and submitted annually to the Division. Groundwater is also removed as moisture
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within the coal itself. As discussed in the PHC. the estimated volume of water removed in this

manner is 22 acre-feet per year.

The affects of subsidence in the permit area, on regional or local groundwater flow, are

expected to be minor and of short duration. Localized diversions or interceptions of short

duration only are expected due to the plastic flow of shaley units and to both development and

tightening of existing fractures which occur due to unbalanced compressive-tensile forces

associated with subsidence. The reclamation plan proposes to control post-mining subsidence

which is expected to be a maximum of 5.5 feet assuming all three seams are mined, with no

subsidence to occur in a varying 100 to 200 ft wide corridor from outcrop areas and permit

boundary areas, as well as under escarpments.

ln the portion of Federal Lease U-024316 to be permitted, mining will take place in the

Tank Seam only, which will limit any subsidence to a maximum of 1.9 feet. In the event mining

reaches far enough North to mine at an elevation below Bear Creek, an adequate barrier will be

left to completely prevent any impact on Bear Creek. This barrier is shown on Plate 5-3 and

described in Appendix 5-C.

Quality

The potential impacts to water quality include contamination of water due to rock dust

usage, abandoned equipment, the usage of hydrocarbons, and contamination from road salting.

These potential water quality impacts are discussed in detail in Appendix 7-N. Section 9.0 (PIIC)

and AppendixT-P.
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Rock dust which is used for the suppression of coal dust may potentially impact the

groundwater flowing through the mine by the dissolution of the rock dust constituents into the

water. This could result in increase concentrations of TDS or sulfates. Gypsum rock dust has

been known to result in high TDS concentrations; therefbre Co-Op has implemented the use of

limestone rock dust. Mine water discharged into Bear Creek is monitored for TDS, as well as

the in-mine water monitoring wells, to ensure increased concentrations do not result for the

mining activities.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used on-site for the

mining equipment. Spillage of these materials could potentially contaminate the groundwater in

the permit area. Section 9.0 of the PHC (Appendix 7-N) discusses in detail the program, which

C. W. Mining has implemented to prevent contamination of the groundwater from these sources.

Road salting is also discussed. Abandoned equipment is discussed in Appendix 7-Q.

Mitigation and Control Plans

No treatment of groundwater occurence or other control measures in the present mine

have been required. Interference of the groundwater regime has consisted of interception of

local perched zones within the Blackhawk formation, with the significant portion of the flow

coming from a sandstone channel located at the North end of the Blind Canyon Seam workings.

No treatment of groundwater occurrence or other control measures have been required or

are expected to be required for the permit area. See the discussion on potential impacts in

Appendix 7-N.
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At this time, groundwater monitoring has shown no impact on the groundwater supply

(depletion), quality or other interference to occur in or adjacent to the permit area. No

groundwater rights have been affected to date or are expected to be affected by mining in the

permit area. Groundrvater monitoring will continue to ensure no impacts do occur.

As discussed in Appendix 7-N, section 9-1, hydrocarbons in the form of oil and fuel are

stored at the mine site. A spill prevention control and counter measures plan is maintained

onsite-outlining controls to prevent and mitigate any hydrocarbon spills. Within six months of

the implementation of the Wild Horse Ridge facilities construction, this plan will be updated to

reflect the controls for the new facilities.

731.200 WaterMonitoring

731.210 GroundwaterMonitoringPlan

Monitoring activities are designed to determine water levels, discharge and water quality

fluctuations in relevant aquifers or groundwater occurrences in the mine area. Data is collected

from mine sumps, from monitoring wells within the mine, observation wells on the surface, and

springs. The objectives are to identiff potential impacts during and after mining and, provide

continuing data on the areas aquifer characteristics and groundwater occurrences. A

recommended water-monitoring program is found in Appendix 7-N. section 10.0, but is

superceded by T'ables 7 -l 2 through 7 -17 .
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Springs below the mine will be sampled to determine discharge and water quality

parameters and their possible variation with time. These springs include SBC-I4, Brg tsear

Springs, COP Development Springs, and Birch Springs (Plate 7-4). Periodic checks will be

made of the mine area to determine any impact not curently expressed at the surface. This data

will be used to estimate seasonal fluctuations, aquifer recharge and consistent long-term changes

and to ensure that no impacts occur. Springs above the mine will be monitored for field

parameters, since the potential for impact to these springs is quantity rather than quality. SBC-9A

and SBC-4 will be monitored for lead quality.

Groundwater monitoring will follow the ground water sampling guidelines as shown in

'lable 7-12 using the water quality parameter list in T'able 7-l-1. New significant occurrences

within the present permit area will be promptly included in the sampling program, as specihed

by state requirements. Operational ground water monitoring will continue through reclamation

to Bond Release.

The sampling matrix for each of the existing monitoring stations during the operational

phase of mining is included in Table 7-14. No baseline data is available for SBC-17, but will be

collected in 2000 and 2001, prior to mining occurring within the vicinity of this spring. Baseline

samples will be collected for SBC-14, SBC-I5, SBC-16, MW-114 and MW-l17 in200l.
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Temporarv Drill Hole Seals. Within 30 days of completion, drill holes utilized for groundwater

monitoring will be sealed in a nonpermanent fashion by installing PVC surface casing with a

threaded cap for access.

Annual Reporl. An Annual Report evaluating all data collected for the year lvill be submitted to

DOGM as required. The report will include notification of sites projected for re-initiation of

monitoring based on the projected mine plan over the next 12 months. Sampling will begin at

least 6 months prior to projected impacts from undermining.

Ouarterly Data Submission. All water monitoring data will be submitted to DOGM on a

quarterly basis within 90 days or less of quarterly sampling collection.

DI{-lA. DH-z. DH-3. Three observation wells, DH-lA, DH-z, DI{-3, were installed in 1992

(Plate 7-4). These wells are for the collection of piezometric surface and water quality data from

the Spring Canyon tongue of the Star Point Sandstone, and are located such as to determine the

extent or occrrrence of groundwater within the depths of potential impact of the mining activities

on the groundwater regime. Construction and Development of these wells are discussed in

Appendix 7-N. In 1993 DH-3 was abandoned and was replaced by DH-4. shown on Plate 7-4.

Groundwater encountered in these wells will be sampled as specified above along with

the other locations and used to correlate with the water quality data from Bear Springs, COP

Development Springs, Huntington Spring, and Birch Springs to provide a check on estimates of

groundwater contamination. These springs were selected since their flow is the sole use of

groundwater to be possibly affected by mining activities in the permit area. Discussion of initial

data gatheredin 1992 from the wells are found in Appenclix 7-N.
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TableT-12 Ground Water Sampling

Baseline Monitorins Ooerational Monitorine Post-mining Monitoring

lype oi Sarnpling site Springs, ln-Mine Flows,

Boreholes, Observation

Wells.

Springs, In-Mine Flows,

Boreholes. Observation Wells.
Springs, Observation Wells,
Mine discharge points.

lield Measurement and

Jarameters (Table 7.1-7)
Water levels and/or flow and

water qualiW
iVater levels and/or flow and water

lualify

Water levels and/or flow and

vater oualitv

iample Frequency Each site Juarterlv Adequate to

lescribe seasonal variation.
Juarterly samples springs and

rells
Qg4qly based on potential

impact or once per annum
(spring sampling at low flow).

Vlonthlv recommended for
nore accurate description of

ln-mine flows > 5 gpm at initial
ntercepti on,suartqly a:ftarlsljq

ieasonal variation lays until diminished

From sumps and/or mine discharge

roints ouarterlv or as required bv

UPDES.

Sampling Duration Iwo years (Prior to mining
in the area).

Evervyear until two years after
;urface reclamation activities have

:eased. Site will be monitored 4
rmes a year.

Jntil termination of bonding

Type of Data Collected and

Reoorted

Wells and Boreholes: Water
quality, water level or flow
logs, collar elevation; ground

elevations; screened interval ;

formation where completed;

depth.

Wells and boreholes: Field water

quality and Water level or flow
Wells and Boreholes: Water
quality, water level or flow.

Springs: Flow and water quality
with one iron & manganese samplt

taken at low flow.

Springs: Flow, water quality
with one sample taken at low
flow.

Springs: Water quality,
ocation. and flow.

Phase I: Whether pollution of
surface and subsurface water is
occurring, the probability of
future occurrence, and

estimated cost of abatement.

Phase II: After revegetation has

been established and

contributing suspended solids tt

streamflow or runoff outside thr

permit area is not excess of the

requirements set by UCA 40-10

I 7(i) of the Act and by R645-

301 -75r.

Phase III: Until reclamation
requirements of the Act and the
permit are fully met.

lornments Springs and seeps should be

measured ftom source at

high and low flow periods.

During the year preceding re-

permitting. Spring, one water
quality sarnple at low flow for
expanded parameters. Other sites,

one sample for expanded
parameters.

Rev.8l24l20l0



Table 7-13 Ground Water Quality Parameter List

Operation, Post Mining Baseline Expanded

Field Measurements:
*

Parameter

Water Levels or Flow
pH

Specific Conductivity (pmhoVcm)

Temperature ("C)

*
*
+

Laboratory Measurements: (mgll-) (Major, minor ions and trace elements are to be analyzed in dissolved form only.)

Total Dissolved Solids

Total Hardness (as CaCO3)

Aluminum (Al)
Carbonate (CO3)

Cation-Anion Balance

Boron (B)

Bicarbonate (HCO3)

Cadmium (Cd)

Calcium (Ca)

Chloride (Cl)
Copper (Cu)

Iron (Fe)

Lead (Pb)

Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Nitrogen, Ammonia (NH3)

Nitite (NO2)

Nitate (NO3)

Potassium (K)
Phosphate (POa)

Selenium (Se)

Sodium (Na)

(Total and Dissolved)

(Total and Dissolved)

Specifi c Conductivity (pmhoVcm)

Sulfate (SOa)

Zinc(Zn)

Sampling Period:
- Baseline
+ Operation, Post-mining

^ Expanded List acquired in the year preceding renewal

t Quarterly for sites SBC-9A and SBC4

7-52
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Table 7- l4 Watq Monitoring Matrix:

I so, h.l Fs I kl m' I m.lrut"l ror' I s-Ll o"r I M'l k

BC-l UrmBerCrek)
BC-l 'I ossBearCreel)
BC-l Lowtr Rt FoIk B@r Cck)
BC-4 UpF Rt Fork Bed C@l)
cK-l UDF Cedn Cck)
cK-7 lnwa Ccdr Crek)
MH-I Ilwq McCaddm Hollow Cck) |dve - bi[.r. rl nmnB b bs t

6tl ortl424l16
6ed ficH Rcld

MH.2 Uppq Mccadden Hollow C@k) htv€ - bbaG rf mmbg D bs I 6cld 6Gld held

FC-l Lws If,ft Fork Fish Cek)' 6eld fi€d neh

FC-2 Lwer Right Fork Fish Crcck)' ureE *Eo uuurB I ru
RtE Ses 2(l or I

fi.ld fi.d

FC-3 Right Fork Fish Crek Prcpcrty Line)' |rqvg uur. qe, ururuE | 
'u

RtESas l? or I

fe|d tod heE

FC4 Upp6 Right Fork Fish CGk) |dv.;6idaG vhtr mmr.g I lO
UE SesT or I

6cld [ed

FC-5 Mud Spring)' btive; b'urE wh mnEg I lo
RtF Sd

field totd hdd

FC{ Upp6 Left Fork Fish Crcek) ktiver b'taL€ vh mrnmg I lo
RIF Sds l8 19 or 2

nelif foH

FC-7 Wat6 Right Upps Left Fork Fish Crc.*) htivc; DiElcwhtr DmmB I l6
RIF Sd. lt lg dr I

field ficH Ield

FC-8 watq Right Upper L€fi Forl Fish CrEck) hlive; bital.wh mhinB I l6
PIFSF( lI lqnrt

field freld

;rins
sBc4 Big Bo Springs)'

sBc-5 Birch Spring)'

SBC-9a Hiawatha S€m)
sBc-t2 klivci ini&te whn hinint btins ned ncld fied

sBc-t4 wHR-6)

sBc-r5 wHR-5) field

sBc-t 6 wHR-4f fied field

SBCI64 freld

sBc-r6B fi.d lield

sBc-t7 t6-1-24-41

sBc-18 wHR-2)? klivei inid.le whcn acuve mininB

Mitrc 14or Mohddd ma is wiftin 5(N

neU ned

sBc-20 r6-8-r 8-4) b&tivei ini[al. whcn aclive mirinB
Mine {4or Mohddd arca is wihin 5(X

freld field

sBc-21 h4lrvc; rnrtate wtutr elrvc m'nrnC

Mine d4or Mohilild dea is *ih 5lN

icd ficld

sBc-22 Stockwato Trough) htve; ini&tevkn aclive nining
Mine r4 is wiSin 5l)l

fielrf fied ficd

SCC.I | 6-8-20-r ) krivci ini&le when activc min'ng
Mhc 14 or Mohrlmd orca is 

"iSin 
5(N

fied fied

scc-2 lrilfivc; In'talc whcn acu\e mrn'ng

Mine 14 orMohdmd dcr is wilhitr 5{i
fied licld

scc-l ,lohrlmd Ponal) ficd ficd ficld

scc-5 r6-8-7-3) hetivci inidab when.ctive mininB

Mohddd arca h wi$in 5(X) fc,

no d' ficld fied

sMt{-l FBC-6) b&tivc - hiliile if minine in krc
4g8l or Ul)l4ll

fied ficd

SMH-z tjBc-5) herive - Iniliarc if minif e in lss
4g8l or tlll:4ll

nc ,l fied lic d

SMH.] tjBc-B) btrli!c - bilialc if rninine in kk
4A8l or U4l4ll

ned ncd ficld

SMH4 FBC-4) helnc - hilialc if minins in bs I

4ff81 or Ur)l4ll(
frclJ tie d ficd

SMH-5 Stockwattr Trough) heti!c - hjthle ifFnrl acccssinB t hcld [€d neld

Vel s

SBC.3 Creek well)
SDH-2 wellSec ll.Tl65,R7E) hachle - Inualo'! m'nrnts m lra*

l&81 .r lJl)l4l
SDH-3 Well Sec 10, Tl65, R7E) hactivc - hitiale rl mrning In bas

4A*l .r llr)1411

MW-lt4 WellS@ l8.Tl65.R8E)
MW-il? ,VellSrc l2.Tl65.R8E)

I Scc lablcs ?-ll and l-l 7 ftr lhLire olwatcr qualily DonitodnB pdometcrs

2 opcr =oFrational brse =ba*linc

I [xpedcd List parimeen hkcn in Augu{oiycd 5 ndor (o each Fmrl rcneqf, I

4 SaC4 md SBC-5 shall alio h le{ed lor oil ed srease

5 Fi$ smple kr b der in M.y Dr Juc, whcn Ccntry Mounlarn is acceisiblc

6 A ommcnl will k Inad€ rcsardins he kvel ofSe pond fcdinB Se spnnc

7 WeHynonitotustohBinoncmonthpiorkrminintinftaandconlinuculilone'nonth.ler

Monhl! monitodnewill dcn *donc loran additionalsixmonfts
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Wells
DH-IA
DH-2
DH-3
DH4
MW-I16

Site ID Description
SBC-I Underground Seep

SBC-2 Portal Well
SBC-6 COP Development Spring

In Mine
Sources

SBC-7 Sump #l
SBC-8 Sump #2

SBC-9 Sump #3

SBC-10 Sump#4

SBC-I I Hiawatha Seam lst North
SBC-13 lst Pillared Section

SBC-23 Bear Creek Landslide Spring

Table 7-15 Past Monitoring Sites

Status

Dried up early 1988, and monitoring was discontinued.

Dry from 1987. Caved in, lost (2) quarters and relocation in 1991

Dried up in 1987, with no flow through 2000. Monitoring discontinued in
2000

Dried up and discontinued in 2000

Dried up and discontinued in 2000

Abandoned in 1999 due to retreat mining and replaced by SBC-13
Flow fust measured Dec. 1991. Monitoring initiated lan. 1992. In July,
1995, retreat mining progressed past this sump, making it inaccessible.
Monitoring was discontinued in August 1995. Flows from this area have

subsequently flowed through the pillared area and out ofthe lst East
pillared section.

Abandoned in January 2003
Abandoned in April2002 due to retreat mining and replaced by SBC-9A
Abandoned in 2010 due to limited flow from landslide

Abandoned in 2001 due to retreat mining
Abandoned in 1999 due to retreat mining
Abandoned in 1993 due to retreat mining
Abandoned in 1999 due to retreat mining
The side caved in and the well was lost

2nd W. Monitor Well
3rd W. MonitorWell
lst E. Monitor Well
3rd W. Bleeder Monitor Well
Gentry Mtn MonitorWell

7-54
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SDH-1. SDH-2. SDH-3. These three monitoring wells were installed in 1995 from the surface

(Plate 7-4). These wells are completed in the Spring Canyon tongue of the Star Point Sandstone,

with SDH-I and SDH-2 located to monitor the potentiometric surface in conjunction with the

DH wells discussed previously. SDH-3 was installed West of the Blind Canyon fault (westem

boundary of the permit area) in order to observe the relationship of the Spring Canyon aquifer on

each side of the fault. Completion diagrams of these wells are included in Appendix 7-A. The

initial baseline data is included in Appendix 7N. Based on these baseline levels, a potentiometric

surface for the Spring Canyon aquifer was developed. This is shown in Appendix 7-N. Figure

| 3b. and on Plate 7J-2.

In 1996, SDH-I well plugged and was lost while attempting to unplug the well. SDH-2

and SDH-3 are monitored for water levels as shown in T'able 7-14.

N,,IW.Thesethreewellsweredrilledinl991byCyprus/Plateau,and

are located North of the Wild Horse Ridge expansion area. All three wells are located East of

the Bear Canyon fault. N{W-l l-1 is located immediately North of and adjacent to the permit area.

These wells were also completed in the Spring Canyon member of the Starpoint Sandstone.

Baseline water levels for these wells are included in Appendix 7N, and well completion

diagrams are included in Appendix 7-A. Water age dating and chemical information will be

collected from these wells to verify that the hydrologic patterns in the Wild Horse Ridge area are

consistent with the patterns discussed in the PHC which have been found in the existing permit

area. This information will also be collected from any new wells installed within or adjacent to

the Wild Horse Ridge area.
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Table 7-16 Surface Water Sampling

Baseline Monitorine Jmmtional Monitnrin Post-minins Monitorins

fl oc o[ Sarnolinc Site iurlace Water Bodies jSullace Water Bodies Surlace Water Bodies

rield Measurements an<
tarameters (Table 7.1-

')

Performed during water Performed during
water levevflow
measurements.

Performed during water

iample Frequency Quarterly for lakes,

reservoirs and
Quarterly for lakes,

reservoirs and

Two per annum for
perennial stseams (high
& low flow); two per
annum during snowmelt
and rainfall for
intermittent steams.

and quality); monthly flow
measurements and

quarterly water quality

level and quality);
quarterly flow and

semi-annual water
quality measurements
(one WQ sample at

low flow and high flov
each) for perennial
streams. Quarterly
flow and water quality
measurements during
period offlow for
intermittent and

streams.

\uus r4ruPre

at low flow and high flow
each) for p€rennial streams

Monthly flow and water
quality measurements

during period of flow for
intermittent streams.

Sampling for ephemeral

streams determined at pre-

design conference.

iampling Duration Tlree vears (one complete
year ofdata befoe

submission of PAP).

Every year until two
years after surface

reclamation activities
have ceased.

Every year until
ermination of bonding.

fype of Data Collected
rnd Reoorted

Flow and/or water levels
and water qualiW

Flow and/or water
levels and water
oual itv

llow and/or water levels

md water quality per
rperational Darameters.

lomments All field measurements

should be performed
concurrently with water
leveVflow measurements

All field measurementl

should be performed
concurrently with
water leveVflow
measurements.

All field measurements

should be performed
concurrently with water

A.dditional Comments For every fifth year
preceding re-
permifting, one sample

at low flow and high
flow each should be

taken fr expanded

water quality
parameters.

The construction
monitoring prgram wil
be conducted on a site-

specific basis in
addition to the

urts
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Field Measurements:
*
*
*
*

Table 7-L7 Surface Water Quality Parameter List

WaterLevels orFlow
pH
Specifi c Conductivity (pmhos/cm)

Temperature (oC)

Laboratory Measurements (n/L) (Majoa minor ions and trace elements arc to be amlyzed in dissolved form onl5

Total Sefileable Solids

Total Suspended Solids

Total Dissolved Solids

Total Hardness (as CaCOr)

Aluminum(Al)
Arsenic (As)
Boron@)
Caftonate (COr)

Bicarbonate (HCO)

Cadmium(Ctl)
Calcium(Ca)
Chloride (Cl)
Copper(Cu)
Irron (Fe) (Iotal andDissolved)
kad(Pb)
Magneshm(Mg)
Manganese (Itttr) Cfotal and Dissolved)
Molybdenum(Mo)
Nihogen, Ammonia(NHr)

Nitite (NO,
Nitate (NO3)

Potassium (K)
Phospbate (POr)

Selenium (Se)

Sodium(Na)
Specific Conductivity (pmhoVcm)

Sutfale (SO1)

Zirc(Zn\
Oil and Grease (if visible sheen)

CatiorAnionBalance
#*-A

-A

SamplingPeriod:
- Baselire
* Operatioq Post-miniqg
# Conshuction

^ Expadedlist

*
*
*

#
#
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Appendix 7J

2010 Characterization of Groundwater and
Surface Water Monitoring



C.W. Mining engaged Norwest Corporation in 2010 to evaluate the water

monitoring performed at the site, and to seek justification to reduce the monitoring.

Table I documents the objective of each monitoring site, recommends a revised

status, and provides the rationale for the change in stahrs. Table 2 is a statistical

analysis of water quality perameters by sampling location type, ie. strelm, spring

or well. Table 3 is a statistical analysis of water quality parameters by water quality

parameters.



Objective and Status of Bear Mine Monitoring Locations

Site Type Site ID Location Site Obiective Ststus Retionale

Stream

BC-l (Upper Bear Creek) UpS ofPortal
Disturbance

Retain Control for Bear Ck

BC-2 (Lower Bear Creek) DS of Portal
Disturbance

Retain Below Existing Portal
Disturbance

BC-3 'Lower Rt Fork Bear Creek) DS of Mine 3&4
Portal Disturbance

Retain Below Existing Portal
Disturbance

BC-4 fUpper Rt Fork Bear Creek) UpS of Mine 3&4
Portal Disturbance

Retain Control for Rt Fork ofBear
CK

cK-l (Upper Cedar Creek) UpS of Mohrland
Portal

Retain Control for Cedar Ck above

3CC-3 which is discharging

cK-2 (Lower Cedar Creek) DS of Mohrland
Portal

Retain Below SCC-3 which is
dischareins

MH-I Lower McCadden Hollow ( DS ofleases U-
46481 or U-024316
@ Hiawatha Sos

Inactive - Initiate if mining in
Lease U-4648 I or U-0243 I 6

No mining in area; initiate
when mining Tl6N R7E
Secs I l.l2 or 14

MH-2 Upper McCadden Hollow ( UpS ofleases U-
46481 orU-024316
@ Bear Cvn Fault

Inactive - lnitiate if mining in
Lease U-46481 or U-024316

No mining in area; initiate
when mining Tl6N R7E
Secsll,l2orl4

FC-l Lower Left Fork Fish Creel DS of Mines 3&4 in
Tl6N R8E Secs 20 or
tt

Retain Mining upstream

FC-2 ilower Right Fork Fish Cre DS of Mines 3&4 in
Tl6N R8E Secs 20 or
l7

Inactive; initiate when mining
T16N R8E Secs 20 or l7

No mining in area.

FC-3 Right Fork Fish Creek Prop DS of Mines 3&4 in
Tl6N R8E Secs l7 or
t8

Inactive; initiate when mining
Tl6N RsE Secs l7 or l8

No minins in area.

FC4 Upper Right Fork Fish Crer UpS of Mines 3&4 in
Tl6N R8E Secs 17 or
18

Inactive; initiate when mining
Tl6N R8E Secs 7 or l8

No minine in area.

FC-5 (Mud Spring)7 UpS of Mines 3&4 in

Il6N R8E Secs l7 or
t8

Inactive; initiate when mining
Tl6N R8E Sec 7

No minins in area.

FC-6 Upper Left Fork Fish Creel Control UpS of Mines
3&4 in Tl6N R8E
Secs 18 or 19

Inactive; initiate when mining
Tl 6N R8E Secs | 8. 19 or 20

No mining in area.

FC-7 Water Right Upper Left Fo Overlying Lease U-
61048

Inactive; initiate when mining
T16N RSE Secs 18. l9 or 20

Water right of record

FC-8 'Water Right Upper Left Fo Overlying Lease U-
51049

Inactive; initiate when mining
Tl6N R8E Secs 18, l9 or20

Water rieht of record

Springs

SBC4 'Big Bear Springs)a Water right SW of
Mines I &2 inBear
Ck below portals

Retain Water right of record

SBC-5 (Birch Spring)a Water right SW of
Minesl&2above
Huntington Ck SW o1

Mines I & 2

Retain Water risht of record



Objective and Status of Bear Mine Monitoring Locations

Site Type Site ID Location Site Objective Status Rationale

Springs

SBC-9a Hiawatha Seam) Spring in Bear Ck
portal area

Retain ln disturbed area

sBc-12 t6-7-r3-r) Source Spring at head

rf Bear Creek

lnactive; initiate when mining
beeins in MoMand

\o mrnlnq ln area

sBc-14 wHR-6) Wild Hone Ridge
Spring #i6 in trib to
Bear Ck Canvon

Retain Immediately downstream ol
Mine #3 portal

sBc-15 (wHR-5) Wild Horse Ridge

Spring #5 in trib to
Bear Ck Canvon

Retain Overlying or within 600'of
active ooerations in Mine #

sBc-16 wHR4)6'7 Wild Horse Ridge
Spring *4 in trib to
Left Fork of Bear Ck

Canvon

Retain Overlying or within 500 ft
rf development in Mine #4

sBct64 ipring on Wild Horse

lidge in Left Fork of
Jear Ck Canvon

Retain Overlying or within 500 ft
of development in Mine i4

SBC-I6E Spring on Wild Horse

lidge in Left Fork of
Bear Ck Canyon

Retain Overlying or within 500 ft
of development in Mine #4

sBc-17 t6-7-24-4) Spring by waterfall in
Bear Ck Canyon

Retain Located between Mines

l&2 and Mine 4

sBc-l 8 wHR-2)7 Wild Horse Ridge
Spring #2 in trib to
Left Fork ofBear Ck

Canvon

Inactive: initiate when active

mining in Mine #4 or
Mohrland area is within 500'

No mining in area

SBC-20 ( I 6-8-r 8-4) Upper Left Fk Fish

CK

Inactive; initiate when active

mining in Mine #4 or
Mohrland area is within 500'

No mining in area

SBC-2I (16-8-18-l)7 Upper Left Fk Fish

ck
Inactive: initiate when active

mining in Mine #4 or
Mohrland area is within 500'

No mining in area

SBC-22 (Stockwater Trough) Unnamed trib of Bear

Creek Canyon

Inactive; initiate when active

mining in Mine fF4 is within
s00'

No mininq in area

sBc-23 (FBC-12) Bear Creek Landslide

Sorine

Discontinue: little flow

SCC-I (16-8-20-l) Spring in Right Fork

of Fish Ck from
Flagstaff, North Horn

Price Riv. Formation

lnactive: initiate when active

mining in Mine #4 or
Mohrland area is within 500'

',lo mining in area



Obiective and Status of Berr Mine Monitoring Locations

Site Type Site ID Lmation Site Obiective Status Rationale

Springs

scc-2 (r6-s-18-t7 Fish Creek Right Forl
Spring

Inactive: initiate when active
mining in Mine #4 or
Mohrland area is within 500'

No mining in area

scc-3 Mohrland Portal) Mohrland Portal
Discharee

Retain Active Discharge

scc-5 r6-8-7-3) Spring in Right Fork
of Fish Ck - Gentry
Mountain Drainage
Spring

Inactive; initiate when active
mining in MoMand area is

within 500 feet

No mining in area

SMH-I :FBC-6) McCadden Hollow.
Left Fork Springs

Inactive - Initiate if mining in
Lease U-46481 or U-024316

No mining in area; initiate
when mining Tl6N R7E
Secs I l,l2 or 14

SMH-2 (FBC-5) McCadden Hollow,
Left Fork Trough

Inactive - Initiate if mining in
Lease U-46481 or U-024316

No mining in area; initiate
wben mining Tl6N R7E
Secs I l.l2 or l4

SMH-3 (FBC-t 3) McCadden Hollow,
Left Fork Trough

Inactive - Inifiate if mining in
Lease U-4648 I or U-0243 | 6

No mining in area; initiate
when mining Tl6N R7E
Secs I I,l2 or 14

SMH-4 iFBC4) McCadden Hollow Inactive - Initiate if mining in
Lease U-46481 or U-024316

No mining in area; initiate
when mining Tl6N R7E
Secs I I.l2 or 14

SMH-5 iStockwater Trough) 3pring in unnamed

.ributary above

VcCadden Hollow

Inactive - Initiate ifportal
accessing U-61048 and U-
61049 is opened.

Portal not constructed

Wells

SBC-3 iCreek Well - Completed in
rlluvium and underlying SS

16', Sec 25, Rl6N, R7E)

Right Fork Creek
Well

Retain Active Bear Creek Canyon
Portal Area

SDH-2 (Well - Spg Cyn Member oI
StarPoint SS, W ofBear
Cyn & Double Fault, 1930'

deep, Sec. I I, Tl65, R7E)

McCadden Ridge
Well

Inactive - Initiate if mining in
Lease U-46481 or U-024316

No mining in area; initiate
when mining Tl6N R7E
Secs I l.l2 or l4

SDH-3 (Well - Spg Cyn Member of
Star Point SS, W of Trail
Cyn Fault, 1804'deep, Sec.

10, Tt6s, R7E)

Trail Ridee Well Inactive - Initiate if mining in
Lease U-46481 or U-024316

No mining in area; initiate
when mining Tl6N R7E
Secs I l.l2 or 14

MW-l 14 (Well - Spg Cyn Member of
Star Point SS, E ofBear
CynFault, 1838'deep, Sec.

18, Tt65, R8E)

Mohrland Well #14 Retain Spg Cyn Well in Mine #4
Area

MW-l I (Well -Between Blind Cyn
and Hiawatha Coals,

1759.7', Sec. 12, Tl6S,
R8E)

Mohrland Well #l7 Inactive: initiate when active
mining in Mine #4 or
Mohrland area is within 500'

Recent changes in water
levels despite no mining in
Mine ll4 or Mohrland area.



Table 2: Water Quality Statistics by Type



fabb 2: Wat* Qulity Stdbri6 by Typ.
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REVISED HYDROG EOTOGIC EVALUATI O]T
OF THE BEAR CANYON MINE PERMIT
AND PROPOSED EXPANSION AREAS

1.0 !]{TRODUCTTON

1.1 Scope

This report is an evaluation of the potential for operations at the Co-Op Mining

Company Bear Canyon Mine to affect water quality and quantity at Birch and Big Bear

Springs. The report also addresses revisions to the Bear Canyon permit area to allow

incorporation of new Federal Coal leases U-O24316 and U-O24318, and the potential impacts

that the lease expansions may have on the springs. This document is intended to supersede

a previously-issued hydrogeologic evaluation report (EarthFax Engineering, 1991), which is
herein updated and supplemented with additional hydrogeologic and water-quality data.

The work performed for this evaluation included:

A review of technical literature from the United States Geological Survey and

the Utah Division of Water Resources, and permits on file with the Utah

Division of Oil, Gas, and Mining.

Visits to the mine site to evaluate springs, collect historical spring flow data,

tour accessible underground workings to evaluate groundwater inflow, and

conduct preliminary water quality assessments (pH, temperature, and

conductivity) of all accessible water sources.

A search of surface water and groundwater rights recorded with the Utah

Division of Water Rights for the mine permit area and adjacent sections.

1)

2l

3t

1-1 Frvbrd t-31-eE
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Discussions with CeOp Mining representatives concerning historic groundwater

inflows to the mine and the general operational history of the Bear Canyon

mine.

Analysis of monthly precipitation, stream flow, spring flow, and geochemicaf

data derived from monitoring stations in the vicinity of the Bear Canyon Mine.

Incremental dritling and aquifer testing of ttree borings from the mine floor to

the Mancos Shale, and completion of the borings as monitoring wells.

Installation of dedicated purging and sampling systoms in the monitoring wells,

and collection of groundwater quality samples.

Drilling and installation of in-mine monitoring well DH-4 in January, 1994, to

replace well DH-3, which was abandoned in Novembel, 1993.

This report is divided into six sections, including this introduction. Section 2.O is a

description of area hydrogeology, Section 3.0 is a description of monitoring well installation

and groundwater sampling, and aquifer testing is summarized in Section 4.0. Conclusions and

recommendations are presented in Section 5.0, and references are contained in Section 6.0.

Background Information

The Bear Canyon Mine is located near the eastern margin of the Wasatch Plateau Coal

Field in Bear Creek Canyon, a tributary to Huntington Creek Canyon (Figure 1-11. The mine

is located approximately 9.5 miles west of Huntington, Utah.

Coal mining in the region of the study area began in the early 19OO's. Mining

operations have been or are presently being conducted by U.S. Fuel at Hiawatha, by Plateau

Resources at Wattis, and by Co-Op Mining Company in the Trail Canyon and the Bear Creek

4l

5t

6l

7l

8t

1.2
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Canyon. All of these operations have intersectcd tho faults with which Big Bear and Birch

Spdngs ere associated, althotrgh the Co-Op Mining Company Trail Canyon rnd Bear Canyon

operations are closest to th€ springs. The Trail Canyon Mino discontinuod operations in late

1982 and has sirrce been sealed; operations have been continuous .t the Bear Canyon Mine

since 1982.
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2.1

2.0 HYDROGEOTOGY

Climate

The Bear Canyon Mine permit and adjacent area (referenced herein as tho study area)

are located near the eastern margin of the Wasatch Plateau. Elevations within the study area

range from approximately 6,500 to over 9,0OO feet above sea level. This elevation range

results in a significant variation in average annual precipitation amounts. At the highet

elevations of the Wasatch Plateau, the average annual precipitation exceeds 40 inches.

. Precipitation data has been collected at the Bear Canyon Mine sinca August 14, 1991 .

Because the period of Bear Canyon Mine precipitation records is short and because the data

is collected at only one location, data from five surrounding precipitation recording stations
were av€raged to provide a more representative estimate of precipitation across the study

area. The stations used in the averages ar€ th€ NOAA weather stataons at Hiawatha and

Electric Lake and the SCS SNOWTEL stations at Stuaft Ranger Station, Red Pine Ridge, and

Cottonwood-Mammoth (Figure 2-l ). The Bear Canyon Mine data, monthly precipitation data

from each of the five stations and monthly five-station precipitation averages are presented

in Appendix A.

2.2 Geology

2.2.1 General. Table 2-1 is a surnmary of stratigraphic relationships of the geologic

units in the study area. The stratigraphic sequence of the lower Cretaceous-to-lower Tertiary

section in the area suggests a regressive trend, from marine (Mancos Shale), through littoral

and lagoonal (Blackhawkand Star Point Formations interbedded silt/mudstone and sandstone),

to fluvial (Castlegate Sandstone, Price River Formation, and North Horn Formation sandstones

and conglomerates), and lacustrine (Flagstaff Limestone) deposition.

Fryird t-31.05
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Table 2-1

Shatigraphic relationships, thicknesses, lithologies, and water.bearing characteristicr
. of geologic units in the upper drainages of Huntington and cottonwood

Creeks (adapted from Stokes, 1964)

Sntam Scrio
Formrtiont

and mcmbcn
Thicknesr

(fectl Litholory tnd water.bcerin g chrrrcterlrticr

Oratcmrry
Holocanc and

Rcirtoccnc

0.r00 Alluvium and colluvium; clay, silt, ond,
gravel, and boulders; yields watcr to
springc that may cea3c to flow in late
SUmmer.

Tcrtiary
Eoccnc rnd

Paleoccnr
Flagtaff

Limcstonc

10.300 Lightaray, dense, cherty, lacustrine lime-
none with rome interbedded thin gray
and greengray shale; light-red or pink cal-
careous siltrtone at base in some placcs;
yields water to springs in upland areas.
(See table 9.1

Paleocenc Nordr Hom
Formation

800t Variegnted shale and mudstone with inter.
beds of tan-togray sanditone; all of
fluvial and lacustrine origin; yields water
to springs. (See tabte 9.1

Crctaccour Uppcr

Crrtaccour

Prlcc Rlvcr
Formation

600-700 Gray-to-brown, fine-to+oarse, and con.
glomeratic f luvial sandstone with thin
beds of gray shale; yields water to springs
locallv.

Certlcau
Sandrtone

15G250 Tan-to-brown fluvial sandstone and con-
glomerate; forms cliffs in most exposures;
yields water to springs locally,

Blackhawk

Formation

600-700 Tan-togray discontinuous sandstone and
gray carbonaceous shales with coal beds;
all of marginal marine and paludal origin,.
locally scour-and-fill deposits of fluvial
sandstone within les3 permeable sedi.
ments; yialdr water to springs and coal
mines, mainly where fractured or jointed.

Star Point

Sandstone

350450 Lightgray, white. massive, and thin-bedded
sandstone, grading downward from a
ma3sive cliff-forming unit at the top to
thin inrerbedded sandstone and shala at
the base; all of marginal marine and
marine origin; yields water to springc and
mines where fractured and jointed.

Masuk Member

Mancos Shale

600-800 Dark-gray marine shale with thin, discon-
tinuous layers of gray limestone and
sandstone; yields water to springs locally.

CI
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Plate 1 depicts surface outcrops and geologic structures within the study area.

Regionally, th€ strata in the study area dip to the south and southeast at an angle of two to

three degrees (Brown, et al., t 9871; this dip direction was confirmed by the stratigraphy

observed during in-mine drilling conducted for this study, although dip angles determined from

in-mine drilling ranged from 0.44 to 1.47 degrees. As shown on Plate 1 , th€ Bear Canyon and

Trail Canyon Mines are located in a complex graben bounded by the Pleasant Valley Fault (on

the west) and the Bear Canyon Fault (on the east). Verticaldisplacements on both faults are

approximately lOO-150 feet. Brown, et al. (1987) describe a shatter€d zone within the

graben, approximately two miles north of the current northernmost e)ftent of the Bear Canyon

Mine. In the portion of the graben within the permit area, only minor faulting (vertical

displacements of 20 feet or less) has been identified, with the exception of the Blind Canyon

fauft (Plate 1), which is estimated to have approximately 22O feet of vertical displacement

(down to the westl in the vicinity of the Bear Canyon Mine (Co-Op Mining Company, 199Oa).

The major coal-bearing unit of the Wasatch Plateau Coal Field is the Blackhawk

Formation. In the Bear Canyon mine, coalis rernoved from three seams within the Blackhawk

Formation: the Tank and Blind Canyon seams (300 and 100 feet, respectively, above the

Blackhawk/Star point contact, and the Hiawatha seam, which thins and (in placesl pinches

out, and lies in direct contact with the Star Point Sandstone (Co-Op Mining Company, 1990a1.

Descriptive logging and aquifer testing was

conducted in four in-mine drillholes installed as part of this study. During the investigation,

it was revealed that the Star Point Sandstone beneath the permit area is comprised of three

separate sandstone units (in descending order: the Spring Canyon, Storrs, and Panther

Tongues) interbedded with two mudstone units (inferred to be tongues of tho Blue Gate

member of the Mancos Shale). In this report, the mudstone tongue between the Spring

Canyon and Storrs is termed the Mancos No. 1 mudstone, and that between the Storrs and

the Panther is termed the Mancos No. 2 mudstone. A similar intertonguing of Blue Gate shale

with the three Star Point sandstono units has been documented in the area of the Scofield

2-4 h.Yb.d l-31-e5
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2.3

S.W. and Scofield S.E. quadrangles, immediately north of the study area (Doelling, 19721.

Characteristics of the three Star Point Sandstone aquifers are summarized in Section 2.5, and

stratigraphic logs are contained in Appendix G.

Surface Wd'ter

2.3.1 Hvdroloov. Most of the study area is drained by two canyons, Trail Canyon (on

the west) and Bear Canyon (on the east). Several smaller canyons drain the remaining

southeast portion of Bear Canyon permit area. The Trail Canyon and Bear Canyon drainages

contain intermittent streams, while the small drainages in the southeast portion of the permit

area contain ephemeral streams. These streams discharge to Huntington Creek, the major

drainage in the area.

The tributary streams primarily flow during the snowmelt period. From 65 to 80

porcent of the annual discharge at the Huntington Creek gauging station (located near the

Utah Power and Light diversion for the Deer Creek Power Plant) occurs during the snowmelt

period from April through July (Danielson, et al., 19811. Flow records for the period from

1981 through 1983 and 1985 were obtained from Utah Power & Light. Data for the 1984 -

1985 water year are not available. Flow records for 1986 through September, 1991 were

obtained from the U.S.G.S. Water Resources Division. Stream flow data are summarized in

Appendix B.

2.3.2 Surface Water Oualiw. Danielson, et al. (19811 conducted surface water

sampling of flows from selected streams in the study area. The waters sampled at the

Huntington Creek gauging station were predominantly a calcium-bicarbonate water type.

Waters sampled from the tributaries of Huntington Creek were predominantly a calcium-,

magnesium-bicarbonate water type. During periods of low flow, the concentrations of sulfate

in the tributari€s were up to ten times greater than in Huntington Creek itself (Danielson, et

al.. 19811.

2-5 Rrvi..d t-tt-eE
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Stream water monitoring points BC-1 (Upper Bear Creekl and BC-2 (Lower Bear Creek)

were monitored for stream flow six and seven times, respectively, during the period from

February through November, 199O and average flow rates are presented in Table 2-2. Duriqg

1990 average flow rates increased bv 12 gpm from BC-l to BC-2. Water samples were

collected from both BC-l and BC-2 three and four times, respoctiwly, during 1990 (Co-Op

Mining Company, 1990b) and averages of these data are presented in Table 2-2. These

averag€s were examined using a Student's t-test to test the hypothesis that the differences

between the mean values for BC-l and the mean values for BC-2 are insignificant. Th€ t-test

for difference in means is defined by the following formula:

where

O=

t=

= number of samples from the two populations,
= the means of the two populations,
= the standard deviations of the two populations.

lf the absolute calculated t value is less than the table t value, the difference in the means of

the two data sets is considered insignificant (Spiegel, 1961). Table 2-3 presents the results

of the statistical analysis. According to the Student's t-test, the means of the 1990

parameters for BC-1 and BC-2 displayed in Table 2-2 are not significantly different. Thus, the

data suggest that there is no significant difference between the surface water collected

upstream from the mine at BC-l and the surface water collected downstream from the mine

at BC-2.

Prior to 1991, all water inflows to the mine were used in mining operations, and no

discharge was made to the surface. Increased mine water inflow as development continued

to th6 north made it necessary to begin discharging to Bear Creek in 1991. During 1991,

discharge rates increased from 60 gpm to 194 gpm (Co-Op Mining Company, 1991). Mine

water discharge in 1992 has typically been 300 gpm (Co-Op Mining Company, 1992a).

2-6 iabrd t-31-0€
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TABTE 2.2

Compadror of 1990 and 1991 Surfaco Woter Monltodttg
Results for BC-l end BG-2

BC-1 BC-2

1990 1991 1 990 I 991

Averaqe Flow Rate (qoml 32 27 44 100

Average pH 8.1 8.0 8.2 8.O

Average Specific
Conductance (mmhos)

1 392 971 1170 837

Averaqe TSS (mo/) 1770 623 1712 342

AveraEe TDS (mql) 1 361 783 1066 793

Average Fe (msnl 4.1 26.3 3.8 4.O

Average Oil & Grease
(mo/ll

<5 <5 60 <5



Appendix 7-N
Revised Hydrogeologic Evalmtion

April 26, 1993

Co-Op Mining CornPanY
Bear Canyon Mine

oo
o|
F

N
!oo

!c
GloIF
Alrl-: ct
5E
NL

=oIA TF
Fe ootfe

rl.
o
otY
t6oE

(o(o@
o) ot or

ooo
CD CD CDooo
c\ cr cr@@a
cr!fNFOO
e-N
Illtl
ooo
E A.O600

ah

.9
o
o
o
Itoc
E
Eo
C'

,\.
lHc6
.9
=c
.9o oz oz oz oz oz oz oz

C'
o(,
1Y

!
o)
ol
o

a
m
N

3
Nt
o

E
Nq
o

e
N
o1

o

e
Fq
0

g
00
ut
c;

b of
ul

N

tt
o

t
G'
ot

oo
ct

ott
F

o
1
ro

o
N

N
Ioo

E56'€lr.!
EBao N

N

@

o
NF
F

cl
ot*
N

(t,
F(o ul

G,

oN

coo tt
N
o

oF N
F

(o
(o
o q

G'
o(o

Ioo

P56.Et6
E;ao F

og
o

lt
@
F
N

No
ro q

ro

oq
o

c
6o N

.ql o
N
o)
(rt

oF
F

(o
('l t

ro
V

o
o
Eq'
oA

Eo
C,

o
oE
3Ilt I

tr

o
C'
C6,,'
ofItco(J
tJu
o;OE
CLtr
AE

=o
E

a
U'
F

CI

E

ao
F

C,

E
o
l|-

o
E

oo
0t
@

0
d
o

2-8

?AE



CoOp Mining Company
Bear Canyon Mine

Appendix 7-N
Revised x vo roeeor 

1i;,i8:r'r3.8l

During the period from May through October 1991, Bear Creek stream flow was

measured seven times. Average stream flow increased from Upper Bear Creek (BC-l) to
Lower Bear Creek (BC-2) by 73 gpm (Table 2-41, due to discharge from the Bear Canyon Mine.

Surface water samples were collected quarterly from both BC-l and BC-2. Utilizing the

Student's t-test defined above, the 1991 data suggest that the one significant difference

between the surface water collected at BC-l and at BC-2 is the increase in flow rate due to
mino water discharge from the NPDES discharge point (Table 2-41.

Flow rates above the mine water discharge, specific conductance, TSS, and TDS

concentrations generally decreased from 1990 to 1991. Total precipitation measured at Red

Pine Ridge and Mammoth-Cottonwood also decreased from 26.20 and 22.30 inches,

respectiv€ly in 1990, to 13.20 and 6.00 inches respectivoly, in 1991 (Appendix A). The

decrease in precipitation caused a decrease in both runoff and recharge to springs. In turn,

the erosion of sediments due to runoff decreased and likely caused the decrease in chemical

and sediment concentrations. During November 1990 and February 1991, chemical

concentrations in both BC-1 and BC-2 increased to several times the concentrations detected

throughout tho balance of each respective year. The fact that this increase occurs both

upstream and downstream of th€ mine suggests that it is not related to mining activities.

' The mine water discharge typically has a pH of 7.9 and a specific conductance of 546

mmhos. The TDS and TSS concentrations average 371 and 13 mg/|, respectively. lron

concentrations are typically 0.11 mg/l and oil and grease are usually less than detection.

These concentrations are generally less than the corresponding concentrations at both the

upper and lower Bear Creek monitoring stations (Co-Op Mining Company, 1 991). Thus, it is

unlikely that the mine water discharge decreases the quality of water in Bear Creek.

Mine water collected in sumps in the mine is discharged to Bear Creek, and is

monitored according to guidelines in NPDES Permit number UTGO40000. During the months

of January and March, 1992, TDS concentrations measured at the NPDES discharge point

exceeded the maximum allowable concentration of 2,000 lbs./day. This increase was

2-9 Frvild 1-31-95
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attributed to localized sulfur-bearing minerals in the mino's 3rd West section and the use of
gypsum rock dust in the mine (Co-Op Mining Company, 1992a1, which began in 1991 (Co-Op

Mining Company, 1992b1. This problem was corrected by using lime dust in the active
sections of the mine. The 3rd West section is not presently active. Should mining resume

in 3rd West, discharge from that part of the mine will be restricted (Co-Op Mining Company,

1992a).

Groundwatel

. The groundwater system in the study area has been investigated by Danielson, et at.

(1981), Co-Op Mining Company (1986), and Montgomery (19911. The recharge, movement,

and discharge of water within the groundwater system is dependent on climatic and geologic

conditions in the study area. Although groundwater occurs in all of the geologic units listed
in Table 2-1, none of the units are saturated everywhere (Danielson, et al., 1981).

2.4.1 Occurrence of Groundwater. The formations in the study area have been

identified as having a combination of perched and regional water tables. In rnost of the study
area, p€rched zones exist in the North Horn, Price River, Castlegate Sandstone and upper

Blackhawk Formataons.

Although a regionalaquifer (termed the Star Point-Blackhawk Aquifer by Danielson, et
al., 1981) has been proposed forthe area, in-mine drilling and aquifer testing conducted for
this study indicate that the three aquifers within the Star Point Sandstone have individual

static water levels. Further, in the southernmost hole (DH-3) none of the three aquifers are

fully saturated (Figure 2-21. The fact that the Star Point aquifers are separate and

hydraulically distinct (a single water table does not transect the stratigra phic units as proposed

by Danielson, et al. 19811suggests that the "regional" aquifer in the study area is actually
located below the Star Point/Mancos Shale contact.

2-11 8di..d t{1-95
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2.4.2 Recharoe. Snow at the higher elevations provides the greatest source of

groundwater recharge. Deuterium analyses of groundwater in the region indicate that most,

if not all, groundwater is derived from snowmelt (Danielson et al., 1981 l. The percentage of

water derived from snowmalt which recharges the groundwater system versus that which

runs off to stream flow is controlled by the surface relief, the permeability of exposed sttata,

the depth of snowpack, and the rate of snowmelt. The highest recharge occurs in areas of

fow surface relief and on formations which have high permeability from fractures andlor

solution openings.

. In the study area, the criteria which encourage recharge from snowmelt are typical of

the areas of exposed North Horn and upper Price River Formations. The main recharge area

to the groundwater system in the area of the Bear Canyon Mine is expected to be the

shattered zone identified by Brown, et al. (1987) in Section 1 ,2, and the north half of Section

1 1, in Township 16 South, Range 7 East (Plate 1). An additional area of recharge could also

be expected in the southern half of Section 1 1 and the northern half of Section 14, due to the

surface exposure of North Horn Formation (Plate 1), however, this area is not as highly

fractured as the area to the north.

Outcrops within the permit area include the Price River Formation, Castlegate

Sandstone, Blackhawk Formation, Star Point Sandstone, and the Mancos Shale. Danielson,

et al. (1 981 ) indicate that recharge to the Blackhawk-Star Point aquifer from direct infiltration

of snowmelt to formations which outcrop below the North Horn Formation is small in

comparison to recharge through low relief surfaces on the North Horn Formation. In the study

area, low-relief exposures of formations below the North Horn Formation and above the coal

outcrops is limited due to the steepness of the canyons. Therefore, the potentialfor recharge

through these formations to the regional groundwater system within the permit area is limited.

Co-Op Mining Company has conducted spring and seep surveys of the permit and

adjacent area and has identified three springs and two seeps which occur above the coal

seam. These water sources are located in the northern part of the permit and adjacent area.

2-13 irrLd t-31-06
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As shown on the water rights map (Figure 2-31, no groundwater rights are found on the ridge

overlying the Bear Canyon Mine. The only groundwater sources identified in the southern

portion of the permit and adjacent area are Big Bear Spring and Birch Spring. These springs

are located approximat€ly 500 feet below the Blind Canyon saam mine floor, and issue from

the contact between the Panther Tongue of the Star Point Sandstone and the Mancos Shale.

The limited number of springs which occur in areas which overlie the mine is further indication

that only limited recharge occurs in the Bear Canyon permit area. 
1

2.4.3 Movemcnt. The movement of groundwator in the study area is strongly

controlled by faults and the dip of strata. Most of the water movement in the study area is

through fractures, faults, and partings between the beds (Danielson, et al., 19811. According

to Danielson, et al. (1981), a portion of the snowmelt recharge water is discharged close to

the original recharge source, where the downward movement of water is impeded by

impermeable beds of shale or mudstono. lf lateral movement occurs close to the canyon

edge, this movement continues until the land surface is encountered and discharge occurs

as a perched spring. lf the movement occurs on the interior of the mountain, the lateral

movement continues until other vertically permeable lithologies or zones of fracturing are

encountered.

Fractureenhanced permeability allows water to pass vertically through strata which

would normally impede flow. Depending on the extent to which the fractures are

interconnected, vertical groundwater flow can be limited to a short distance, or it can extend

to the regional water table (see Figure 2-41. Lines (1985) indicated that for the

hydrogeologically similar area of Trail Mountain (south of the study area), despite a thick

section of very low-permeability rock, some hydraulic connection exists between the perched

aquifers and the proposed regional aquifer; such transfer occurs as downward unsaturated

flow from perched aquifers to the regional aquifer along the fractures and faults.

2-14 R.irh.d l-gl-05





x

il!!ilNfr

o

q)
o
(l)

ooo
o)
't
o
a

E
(u

o)
.go
J.o
o
6

EEo(o
.N3
(o'o
o=
b9
C'(9

is:il;ili3



Co-Op Mining Company
Bear Canyon Mine

Appondix 7-N
Revised Hvdroeeollerc.,?B:iggl

2.4.4 Discharoe. Groundwater naturally discharges through springs, sseps, and by

evapotranspiration. Some discharge from the groundwater system in the mine area rnay occur

either by flow in the faults and fractures out of the Huntington Creek drainage or as

subsurface flow to alluvial fill in the canyons, although such flow cannot be quantified. The

major sourco of quantifiable discharge is springs. Within the area of the mine, two major

springs have been identified: Big Bear Spring and Birch Spring. Two additionalnearby springs

(Tie Fork and Little Bear) have been identified outside the Bear Canyon Mine permit area. The

locations of the springs are shown on Figure 2-5.

. Big Bear Spring (maintained by the Castle Valley Special Services Districtl discharges

from three prominent joints. Birch Spring (maintained by the North Emery Water Users

Association) discharges from a normal fault which has approximately 2O feet of vertical

displacement. Both springs issue from the lowest sandstone unit of the Star Point Sandstono
(the Panther Tongue), where the Mancos Shale serv€s as a barrier to downward movement

of groundwater (Montgomery, 1991). Tie Fork is not a true spring, but two flowing
geophysical boreholes which have been developed by the Castle Valley Special Services

District. Little Bear Spring issues from faults, and also is maintained by the Castle Valley

Special Services District. Flow records for these springs have been obtained from the water

companies and are presented in Appendix D. Big Bear Spring has an l2-year period of record
(1981 to present), Birch Spring has a 4-year period of record (1989 to present), Tie Fork has

an 9-year period of record ( 1 984 to the present), and Little Bear Spring has an 11-year period

of record (1982 to the present).

2.4.5 lnflow to Mine. According to Wendell Owen, the Bear Canyon Mine had water

inflow to the old abandoned workings prior to the start of operations by Co-Op Mining

Company in 1982. During the development of the East Bleeder entries (Plate 7-10A), water

was encountered in two small faults subsidiary to the Bear Canyon Fault. Within a short time

of this interception, the inflow to the abandoned workings ceased. The rate of inflow to the

East Bleeders during development was approximately that which previously had flowed to the

abandoned workings.

2-17 R.vL.d l-3!-OE



fi

Locaticns of Springs irr tlre Vicinity of tlre Mine Permli Area

21ld

fl-G-UE-E*2-:S.



CeOp Mining Company
Bear Canyon Mine

Appendix 7-N
Revised Hydroseolosic,?B:"i!i3l

Inflow to the East Bleeders continued until the summer of 1989, when water was

encountered as the North Main entries wero advanced northward. According to Wendell

Owen, inflow to the East Bleeders gradually diminished and flow into tho North Mains was

approximatoly 1 10 gpm. As the North Main entries were advanced, former zones of inflow

severalcrosscuts back from the working face would drain, and the inflow rate would diminish

and eventually cease. This observed coordination between upgradient inflow interception and

downgradient inflow cessation as mine development advanced nor-thward indicates a high

degree of hydraulic interconn€ction through fractures in the portion of the Blackhawk

Formation which overlies the mine, and that this fractur€ system directs flows to the

southeast, along the dip of the beds.

The current major area of water inflow to the mine is tocated at the north end of the

North Mains entries (Plate 7-1OA). Sumps located in the Second East and North Main entries

in the area of the inflow are used to collect and store this water. A Portion of the water from

these sumps is diverted for in-mine use. The remainder of the water is pumped to the surface

and discharged into Bear Creek (such discharges are recorded in the annual reports). A
portion of the inflow to the area of the North Mains is used for culinary purposes at th€ mine.

Additional minor inflows to the mine consist of small quantities from diffuse sources

throughout the mine. During the February 1 991 underground tour, only one small roof dripper

was found with sufficient flow (O.1 gallon per minute) to be sampled. Values of pH,

temperature, and conductivity measured at the time of sampling are presented in Table 2-5.

At the tlme of the underground tour, Wendell Owen indicated that several of the areas

surveyed had previously been rnuch wotter; however, only limited water inflows were found

during the survey. This pattern is similar to that observed in other mines (e.9., Deer Creek,

Plateau, and others) in the Wasatch Plateau (Danielson et al., 1981). In areas which do not

int€rsect faults upon initial mining, moderate water inflows occur from diffuse sources

(primarily from roof bolts). Flows from such sources are generally less than one gallon per

minute. Typically, the roof bolt intersects and provides a drain for a localized perched

2-19 Fovbrd 1-31-e5
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TABLE 2-5

Fldd Parameter Resultr

Sample

t.D.

pH

(Unitsl

Temperature

("c)

Conductivity
(prnhos/cml

Big Bear Overflow 6.9 10.9 460

Seepage Above Big

Bear Spring

8.1 12.4 2000

Roof dripper in 3rd

West Entraes

7.7 14.2 510
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aquifer, often a sandstone lens, which has a limited e)ftent and limited quantaty of water in

storage. Once the stored water is drained (typically in one or two monthsl, recharge to the

perched zone is not sufficient to maintain the previous flow, and the inflow is reduced or

ceases ontarely.

Inflows in the north ends of the North Main and Second East entries are through roof

bolt holes and hairline fractures which are presumed to drain overlying perched aquifers in the

Blackhawk Formation . An indeterminate amount of water flows upward thtough the floor

in the area of the Second East entries, and probably originates from the Spring Canyon

Tongue aquifer (extrapolation of the Spring Canyon piezometric surface determined during

testing of three in-mine monitoring wells indicates it would be approximately 15 feet above

the mine floor in the north end of Second East).

Because mine inflow is from numerous and diverse sources, and because

moasurements prior to 1992 were not metered, the precision and accuracy of the flow rate

measurements is considered by Co-Op to be insufficient to demonstrate that flow rates

decrease over time when mine advancement is halted. Flow meters were installed in 1992

to allow more accurate and precise measurement of inflows, and continued periodic

monitoring of inflow rates will provide more reliable data from which more definitive

conclusions regarding the nature of the inflows may be drawn. Based on observations by Co-

Op personnel, however, consistency of inflows in the north ends of the North Main and

Second East entries is related to the rate at which the entries are advanced northward. When

advancement is relatively constant and new fractures are encountered and drained, inflows

are relatively constant. When the entries are not advanced, as the fractures are drained of

their storage the inflow rate decreases (as was evident in 1992).

2.4.6 Lonq-Term lmoacts. Springs in the vicinity of the Bear Canyon Mine issue from

joints at the contact between the Panther Tongue and the Mancos Shale. Water inflows to

the mine through bolt holes and fractures are from perched zones, often of limited storag€.

Most of the inflow observed to migrate with northward mine advancement in the North Mains
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and northern Second East areas is presumed to be due to the interception of stored water in

fractures which drain a more laterally continuous perched aquifer. This concept is further

supported by the observation that inflows to the Third West Bleeders diminished and

eventually ceased as tho North Mains and Second East entries were advanced northward in

1 989.

The absence of springs and the presence of efflorescenco on sandstone outcrops in

areas of seepage in the downgradient (southern) portions of the permit aTea suggests that

groundwater movement potential in aquifers p€rched above the Bear Canyon seam is limited.

Additionally, the absence of spring flows from the strata above the Panther Tongue/Mancos

Shale contact and the presence of efflorescenco on sandstone outcrops indicates a slow rate

of groundwat€r mov€ment and that most of the groundwater that reaches the outcrop

evaporates on contact with the atmosphere. Further, no drainage through the mine floor in

areas of known faults, or other evidence of hydraulic conn€ction between such perched zones

and the springs which issue from the Panther Tongue/Mancos Shale contact has been found.

Thus, dewatering and diversion of inflows such as those discussed in Section 2.4.5 are not

€xpected to affect nearby spring water quality or quantity in either the long- or short-term.

or, Potential negative impacts to spring water quality due to water leaking from the old

workings and flowing over mudstones and into the spring collection system will not occur,

because pumping into the old workings will not occur. To prevent inadvertent or accidental

discharge into the old workings, a locked valve has been installed in front of the pressure relief

valve shown on Plate 7-1Oa.

After mining and associated dewatering/diversion operataons cease, the local

piezometric surface will recover toward pre-mining conditions. Although inflows are expected

to diminish and cease onco th€ perched zones are drained, if inflows continue after mining is

completed, the abandoned mine will not flood because the strata dip to the south-southeast;

natural flow through the subsided entries and drainage to the surface will prevent

accumulation (floodingl in the mine. As shown on maps of Bear (Blind) Canyon Searn
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structure and the 1990 wat€r survoy (Plates 6-4 and 7-10A, resp€ctively, of the M&RPI mine

inflows originating in the northern portions of the current mine and proposed expansion areas

will be conveyed to the surface through the subsided entries and will ultimately discharge

along the eastern limits of the mine, probably from the area of the present fan portal, which

is the fowest-elevation coal outcrop in the lease area 17,44O feet).

Flooding of the old (pre-Co-Opl abandoned workings in the south end of the lease araa

and potential consequent impacts to water quality or quantity due to surface-flow

contamination of springs 500 feet downslope from the coaloutcrop willnot occur; the lowest

floor elevation of the sealed entries which lead into the old workings is 7,494 feet, or 54 feet

above the elevation at the fan portal. Any post-abandonment inflow originating in the

northern portions of the mine will be conveyed to the east, over the mine floor surface, well

north of the old workings. Discharge from the fan portal will tre conducted via culvert to

channef RC-3 (Plate 7-7), which is designed to accommodate a 1O-year, 6-hour tlow of 3.77

cfs (1,7O0 gpm). The addition of a hypothetical 1.1 1 cfs (5OO gpml discharge from the mine

woufd not require a change in channel design. Further, a hypothetical 2.22 cfs (1,O00 gpml

discharge would require only that the channel riprap Dso b€ increased from 9 inches to 10

inches. Culvert sizing and other design details will be revised prior to mine reclamation, if

required, when quantities and conditions are known. However, for current mine conditions,

the reclamation plan is adequate to accommodate discharges in excess of those currently

intercepted by the mine.

2.5 Summaries of Star Point Sandstone Aquifers

2.5.1 Sorino Canvon Tonoue. The Spring Canyon Tongue of the Star Point Sandstone

is 88 feet thick at DH-1A, 103 feet thick at DH-2, 98 feet thick at DH-3, and 90 feet thick

at DH-4. lt is generally light gray with minor dark minerals, but varies from dark gray to

white. The grains range in size from fine to medium, and are moderately well sorted,

subangular to subround, and cemented with calcium carbonate. The unit is generally

moderately-to well{ndurated. Bedding is variable through the unit, from massivo to laminated,
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with muddy zones and partings and locally dense biotwbation. The contact with the overlying

Hiawatha coal seam of the Blackhawk Formation is abrupt; the lower contact with the Mancos

No. 1 mudstone tonguo is gradational.

The static water levelmeasured in the Spring Canyon aquifer during drilling and testing

was 3 feet below the top of the unit in DH-lA, 71 teet above the top of the unit in DH-z,25

feet below the top of the unit in DH-3, and 62 feet above the top of the unit in DH-4. Thus,

the Spring Canyon aquifer is confined by the Hiawatha coal seam in the northernmost

drillholes (DH-2 and DH-4), and unconfined in the remaining two (DH-lA and DH-3).

2.5.2 Storrs Tonoue. The Storrs Tongue is 96 feet thick at DH-1A, 105 feet thick at

DH-2, and 120 feet thick at DH-3 (the Storrs Tongue was not penetrated in DH-4). lt is
generally light gray to dark gray, with minor dark minerals. The grains range in size from very

fine to fine, and are moderately well sorted, subangular to subround, and well cemented with

calcium carbonate. The unit is generally well-indurated. Bedding is variable through the unit,

from massive to laminated, with muddy zones and partings and locally dense bioturbation,

particularly in the lower portion of the unit. The contacts with the overlying Mancos No. I and

underlying Mancos No. 2 mudstones are gradational. The Storrs Tongue sandstone is

generally finer-grained, more dense, mor6 highly indurated, and less permeable (as

demonstrated by aquifer tests, Section 4.01 than the other two Star Point Sandstone aquifers.

The static water level measured in the Storrs aquifer during drilling and testing was 30

feet above the bottom contact of the confining Mancos No. 1 mudstone in DH-IA, 89 feet

above the bottorn of the Mancos No. 1 in DH-z, and 23 feet below the top of the unit in DH-

3. The Storrs is unconfined by the Mancos No. 1 mudstone in only the most southern

drillhole (DH-3).

2.5.3 Panther Tonoue. The Panther Tongue is 1O5 feet thick at DH-lA, 88 feet thick

at DH-2, and 97 feet thick at DH-3. lt is generally light gray with minor dark minerals, but,

like the Spring Canyon and Storrs tongues, varies from dark gray to white. The grains range
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in size from fine to coarse, and are poorly to moderately well sorted, round to subround, and

poorly cemented with calcium carbonate. The unit is generally poorly to moderately-well

indurated, and locally friable. Bedding is variable through the unit, from massive to laminated,

with muddy partings and local bioturbation. The contact with the overlying Mancos No. 2

mudstone is gradationah the lower contact with the Mancos Shale is abrupt. The Panther

Tongue sandstone is less dense, coarser€rained, less well-cemented, less indurated, and more

permeable than the Spring Canyon and Storrs tongues.

The static water level measured in the Panther aquifer during drilling and testing was

33 feet below the top of the unit in DH-IA, 103 feet above the top of the unit in DH-2, and

27 teet below the top of the unit in DH-3. The Panther aquifer is confined by the Mancos No.

2 mudstone only in DH-2; unsaturated conditions exist in southern drillholes DH-1A and DH-3.

2.6 Groundwater Ouatity

Monitoring stations are sampled four times p€r year as a part of the Co-Op Coal

Company hydrologic monitoring program (Plate 2). A summary of water-quality analyses for
groundwater samples collected is presented in the Annual Hydrologic Monitoring Report (Co-

Op Mining Company, 1991). Groundwater-quality samples are routinely collected in the

permit and adjacent areas from the underground bleeders, monitoring wells, and springs

associated with faults and joints in the Panther Tongue of the Star Point Sandstone.

The general character of the groundwater in the permit and adjacent areas is that of

slightly alkaline calcium-bicarbonate water that contains low concentrations of total dissolved

solids (TDSI, nutrients, and metals. Field conductivity and pH range from 30O to 842 mg/l

and from 5.1 to 8.1, respectively. TDS is typically 400 mg/|. Historically, acidity is zero and

average alkalinity is 290 mg/|. Sulfate and magnesium concentrations are typically 70 and

40 mg/|, respectively. lron and manganese concentrations are typically 0.3 and 0.1 mg/|,

respectively.
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Figure 2-6 presents a Piper diagram of average analytical tesults of the sampling events

in 1991 for six groundwater monitoring points: Birch Spring (SBC-S, eight samples), North

Mains (SBC-9, five samples), Ball Park Spring (BP-l, two samplesl, Big Bear Spring (SBC-4,

eight samplesl, Co-Op Spring (CS-l, two samplesl, and Trail Canyon Spring (TS-1, two

samplesl. The Piper diagram is divided into three fields: cations, anions, and the combined

field. Values aro in percent milliequivalents, and are plotted in the anion and cation fields and

projected into a combined field. Spatial relationships that are repeated in all three fields are

indicative of relationships between waters. The spatial relationships among the six waters

differ from field to field. Birch Spring has the least similarity to the other waters. For example,

Birch Spring water plots very close to mine water in the cation field, but it plots as an outlier

in the anion field and in the combined field. This is due to a higher percentage of sulfate in

Birch Spring wator than in the mine water or th€ other spring wator in the area. In fact, the

mine water and BP-l water have the lowest petcentages of sulfate of the groundwatel

represented in the Piper diagram. Thus, the spatial relationships exhibited in the Piper diagram

suggest that the mine water is of a higher quality than Birch Spring water. Furthermore, the

difference in spatial relationships in the different fields suggests the waters are not

hydraulically or chemically connectsd.

Figure 2-7 presents a series of Stiff diagrams which characterizo waters from the same

six groundwater monitoring points used in Figure 2-6. The six waters display a similar Stiff

pattern, that of a calcium-bicarbonate water. Additionally, the Stiff patterns indicate that

SBC-g (North Mainsl water has the lowest sulfate concentration (1.18 meq/ll and SBC-5

(Birch Spring) has the highest sulfate concentration (2.62 meq/l) of the groundwater sampled.

SBC-4 (Big Bear Spring) water has a sulfato concentration of 1.36 meq/|. SBC-9 also has the

lowest chloride value of the groundwaters sampled, while SBC-5 has the highest chloride

value. This relationship between the sulfate and chloride concentrations does not suggest

that the mine water could diminish the quality of th€ spring water in the area.

2-26 R.vb.d l-31-e5



t1
F
J
l
U1
UJ
E
J

O
F

.J,<
z.

E,
LJF

=oz.
fo
E,
(9

lrJo
e.
|JJ

L-
o

uo
o
E.
trj
(L
o-

(o
I

N
lrJ
E,

(9
tr

too
O
+
Noo
-

}Z
+
o
z.

o
(JI

a
9<rzz
XEh*

rl.) ot
I1 | F &i!2C)olAa.Ll
EE fr S HN 8 ?I ,{,1+ ;.1

J
tJ',



Co-Op Mining Company
Bear Canyon Mine

Appendix 7-N
Revised Hydrogeologic Evaluation

April 26, 1993

>1
O!t98o

7
t

sI
tt

*

og
)oo
E
(u
o
v
Ec

qt

(o

=CDc
o.

an
rF
o
o
E
(E

CD(!
i5

=?t
at

TI
Nl
q
LIfl
oD
tu

x89r z

Yoor+o:o
z,

.ao?c)orl,o

Y
oC'\+
L) z

Y89t 2

rtoroo
-UIC'

oroo
IVI(J

irdrd 1-3t.9!



Co-Op Mining Company
Bear Canyon Mine

Appendix 7-N
R evised H yd ros e or 

Xs;;, ?E :".r"3i8l

A.98o
rng
=tooE
(!
o
tt
->(o
C

o
l.(!
3
oc
cto
o
o
E(!
ol
.go

@

J
EIq
JI
cl
+tlcl
cxq
DI
Nl
q
LIfl
OD

tI.l

il

$:

I

x89t 2

o
Orl(JoI.n(,

Y
octr+oto z

irrL.d t.ltfi



Co-Op Mining ComPanY
Bear Canyon Mine

, Appendix 7-N
Revised Hvdroeeolpi;,,?3,,"i!i33

The maior porfion of water inflow to th€ mine is used within the mine or for culinary

purposes by Co-Op Mining Company. According to the Co-Op Bear Canyon Mining and

Rectamation Plan, the water which flows from Big Bear Spring (also called Huntington

Springland Birch Spring is used by the Huntington community for culinary purposes (Co-Op

Mining Company, t 9851. Water collected in Trail Canyon from TS-1 (Trail Canyon Spring) ir

atso used locally for culinary purposes. CS-l (Co-Op Spring) was used in the past, but is no

tonger used for cutinary purposes (Co-Op Mining Company, 1992a).

Wells in the permit and adjacent ar€as are either observation wells owned by Co-Op

Mining, or exploration wells owned by Northwest Energy. Three new monitoring wells (DH-

1A,DH-z, and DH-3, Plate 1) were drilled within the permit arcator this study. DH-lA and

DH-2 were drilled in late 1991 and DH-3 was drilled in early 1992. The three wells were

completed in the Spring Canyon Tongue of the Star Point Sandstone, and were developed,

tested, and sampled in May, 1992. The results of laboratory analyses of the monitoring well

samples are summ arized on Table 2-6, and complete analytical reports are presented in

Appendix H.

In-mine monitoring well DH-4 was completed in the Spring Canyon Tongue in January,

1994 to replace well DH-3. DH-3 was abandoned in November, 1993 because the pillars

were pulled in the l st East section of the mine. Table 2'7 is a summary of minimum,

maximum and mean analytical results for groundwater collected in 1 994 from the four in-mine

monitoring wells. Complete analytical reports for 1994 quarterly in-mine monitoring well

samples are in Appendix l.

Figure 2-8 presents Stiff diagrams of major ionic species in groundwater from the in'

mine wells. Waters from DH-2 and DH-3 have Stiff patterns similar to those of the calcium-

bicarbonate spring water depicted on Figure 2-7. Water from DH-lA has a calcium,

magnesium, sodium, potassium-sulfate pattern. This patteln is distinctly different from othel

groundwater that has been sampled in the permit and adiacent areas and shows a relatively

elevated sulfate level, which is presumed to be due to the dissolution of locally-occurring
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TABLE 2.6

Summary of Laboratory Analyticd Rcrdtt
for Groundwater Frcm In-Mine Monitoring Wellr

ANALYTE (mo/l) DH.l A DH-2 DH.3

Aluminum o.2 <o.1 < o.1

Arsenic <0.05 <0.05 <o.05
Barium 0.071 o.127 0.129

Cadmium <0.01 <0.01 < o.o1

Calcium 38.9 51.9 50.9

Chromium 0.025 <o.01 <0.01

Copper <0.01 <0.01 < o.o1

lron 0.505 o.280 o.220
Lead <o.o1 o.030 <o.01

Magnesium 20.1 29.5 28.9

Manganese 0.062 0.101 o.232
Mercury <0.0005 <0.0005 <o.ooo5
Molybdenum 0.0s8 o.010 <o.01
Nickel <0.01 <0.01 <o.01

Potassium 31.2 1.5 2.6

Selenium <0.0005 <0.0005 <0.0005

Sodium 14.1 8.8 15.2

Zinc <0.01 <0.01 <o.01

Oil & Grease 2.0(d <0.5 <0.5
Oil and Grease exoected (hvdrauli c on
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TABTE 2-6 (Continuedl

Summrry of Laboratory Andydcal Ro$lt3
for Groundyvator From In{linc Monitodng Wellr

ANALYTE (msl} DH.lA DH.2 DH.3

TDS 285 330 339

Hardness as CaCO3 162 321 307

Boron <0.05 0.064 0.061

Alkalinitv as CaCO3 94 285 294

Bicarbonate 110 340 336

Carbonate 2.3 3.5 11.5

Hvdroxide 0 0 o

Chloride 4.9 4.2 4.2

Fluoride o.28 0.18 0.1 6

Ammonia <o.2 o.64 o.22

Nitrate o.42 o.74 <0.5

Phosphate o.129 o.25 o.o27

Sulfate 128 33 38

Sulfide <0.1 < o.1 < 0.1
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sulfate salts. Groundwaters sampled from the in-mine wells have a TDS range of 29O to 597

mg/|. Dissolved iron concentrations range from less than 0.20 to 1.40 mg/|.

2.7 Spdng Flow

Big Bear and Birch Springs were visited on February 18 and 19, 1991, during a site

survey to evaluate the geology of the spring locations and to collect samples of discharge

water, if available. No surface flow occurred at the Birch Spdng and the collection system

was locked. At Big Bear Spring, a sample was taken from the spring overflow from the

northernmost ioint.

A second sample was taken from seepage flow which occurs on the slope above the

Big Bear Spring. The seepage originates from the cliffs at tho contact between the Star Point

Sandstone and Blackhawk Formataon, and occurs in two areas approximately 1OO yards apart.

Seepage in each area appears to occur directly from the formation contact, along

approximately 100 to 1 50 feet of the outcrop. The flow is difficult to quantify, but it is

concentrated at several bedrock ledges, and was estimated at the time of the site visit to be

approximately 1O gallons per minute. The easternmost seep occurs at a location that is in

shade most of tho day, and considerable accumulations of ice where found at this seep, due

to continual freezing of the discharge. The pH, temperature, and conductivity values for these

samples are presented in Table 2-5.

As indicated on Table 2-5, the electrical conductivity of water within the mine is similar

to that of water from Big Bear Spring. Water from seeps above the spring is considerably

different, with a conductivity approximately four times that of the spring samples, presumably

due to the dissolution of gypsum from mudstone in the area from which the seeps issue.

Monthly flows from the Big Bear, Birch, and Little Bear springs and the Tie Fork wells

were analyzed. Little Bear Spring and the Tie Fork wells were included in the analysis because

of their long pedods of record and their proximity to ths mine permit area. The spring flows

i.vhrd l-tl-t6



Co-Op Mining Company
Bear Canyon Mine

Appendix 7-N
Re vi sed H vd roeeol o; i;,?E,,ri88l

were compared to five-station average monthly precipitation (see Appendix A) and stream

flow for Huntington Creek gauging station above the Deer Creek Diversion (see Appendix Bl

plotted against time. These three plots were combined in a single graph to allow a direct

comparison. For readability, the graph durations were limited to one year per sheet for each

spring analyzed (an example is presented in Figure 2-91. Allgraphs are presented in Appendix

E.

2.7.1 Llttle Bear Sorinc. Plots of flow from Little Bear Spring for the period of f gAZ

through 1985 show that the peak spring flows occur one month behind the peak stream flow

in Huntington Creek. In 1986, the peaks occur in the samo month, possibly indicating an

early snowmelt. In 1987, the peak from Little Bear Spring was delayed by two months.

In the period from 1988 through 1990, no significant spring peak flow is evident.

There was a gradual rise in the flow in the fall of 1988 and a gradual decline in early 1989.

During 1991, peak spring flow occurred one month behind peak stream flow.

2.7.2 Tie Fork Wells. Flows from the Tie Fork wells show no seasonal variation,

except for a period from July through November, 1988. By December, 1988 flows had

returned to approxamately the previous level and flows through 1991 have been essentially

constant. This flow fluctuation corresponds to the flow increase in the Little Bear Spring,

though the fluctuation of Little Bear was over a longer period.

2.7.3 Bio Bear Sorino. Plots of flow from Big Bear Spring show that peak flows during

the period of 1980 through 1986 occurred about one month later than peak flows at the

Huntington gauging station (above the Deer Creek Mine access roadl. In the 1987-1988

water year, the lag period between peaks in the stream and spring discharge is approximately

two months. This increase in lag time is due to a combination of lower precipitation

accumulations (28.4 inches average annual precipitation 1980-1986 versus 19.75 inches

1987-1990, see Appendix A) and shorter snowmelt period.

2-37 inb.d 1-3t-t6
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Year-by-year comparisons of the flow recessions at Big Bear Spring for the years 198O

through 1986 show very similar patterns; the slope line of the spring flow decline and the

base flow level for the spring are genorally the same from year to year. This indicates that
the snowmelt recharge is greater than the volume required to recharge the groundwater

system storage, and that excess water is being discharged from the system as peak flows
through the spring. lt also suggests that no outside influence (i.e., miningl affected the
groundwatet system.

For the period from 1988 to 1991, no snowmelt peakcan be identified on the flow
spring flow graphs. Also, a comparison of spring flow from years 1987 through 1991

indicates a general decline in flow. This is inferred to be due to the small amount of
precipitation during this period. The quantity of snowmelt recharge during these years was
not sufficient to create either of the following conditions: 1) completely filt the depleted

storage in the system, (resulting in a base flow lower than that of the previous Vearl, or 2l
provide a spring flush (although reiharge may be sufficient to restore deteted storage).

Under the first condition, the groundwater system is being drained and a new base

flow condition willeventually be established, provided precipitation inputs are stabilized. Once

the groundwater system was stabilized, the second condition would prevail until the
precipitation (and recharge) increased sufficiently to fill the excess storage capacity in the
groundwater system. lt appears that the first condition occurred at the Big Bear Spring during

the period of 1987 through 1991.

2.7.4 Birch Sodno. The Birch Spring flow increased by almost 3OO percent for a three

month period and a reduction in water quality in the fall of 1989 (North Emery Water Users

Association, 1991). Table 2-8 isa summary of water qualitydata before, during, and after
the anomalously high flow event, and shows that water quality returned to normal once flow
rates normalized. The reason for this fluctuation is unknown. The event occurred shortly
after the Bear Canyon mine intercepted an inflow of about 110 gpm in the North Mains,

though the response of the spring if this were a mine related impact would be a reduction in

2-39 Adh.d l-31-95



Co-Op Mining Company
Bear Canyon Mine

Appendix 7-N
Revised nydroseol 

f,e'c., i;:"i!igl

TABLE 2.8

Summary of Blrch Spdry Analydcal Rcsltr

Parameters April 1987 Octobor 1989 March 1991

pH 8.0 8.33 8.0s

Conductivity (umhos/cm! 748 1090 812

TDS (mgfll 412 810 484

TSS (mg/ll 2 56 1

Bicarbonate (mg/l) 392 367.17 376

Chloride (mg/ll 7 12.65 8.17

Sulfate (mg/ll 102 298.34 129

Calcium (mg/l) 87 128.01 101

Magnesium (mg/ll 48 71.82 42.5

Potassium (mg/l) 2 5.s6 2.09

Sodium (mg/|) 7 10.80 6.1

lron (mg/l) <0.05 o.21 0.10

Manganese (mg/l <0.02 o.o2 <o.02
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flow rather than an increase. .Montgomery (1991) attributed this flow rise to a release of
collected water in the abandoned Trail Canyon Mine. This is highly unlikely as both the Trail

Canyon and Bear Canyon Mines are above the regional water table, as discussed in Section

2.4.1. Additionally, a sustained discharge of 230 gallons per minute for 90 days would result

in a cumulative flow volume of approximately 30 million gallons (92 ac-ftl of water. This

would require a significant storage volume; assuming that four entries each 1 2 teet wide and

8 feet high were filled with water, they would need to be 2 miles long to be able to store the
required volume of water to sustain this flow during a low flow period of the year. Prior to
the increased flow at Birch Spring, the pillars were pulled in the Trail Canyon Mine. The

subsidence of the mine significantly reduced the open area within the mine where water could

collect. Portals on the down-dip side of the mine have been visually monitored on a regular

basis since reclamation. No seepag€ has been observed at these portals, suggesting that the

mine was dry before, during, and after the increased flow at Birch Springs (Co-Op Mining

Company, 1992a). Given the contention that the area is extensively faulted and the faults
and fractures are ant€rconnected, the possibility of storing this volume of water as a perched

water table above a large extent of the mine, without discharge occurring in other locations,

is very unlikely.

An alternative source of the surge in flow could be the opening or connection of
saturated fractures which previously did not convey water to Birch Spring. These fractures
could have contained a significant volume of water which had built up over a long period of
time. As these fractures drained, the flow contributed to the Birch Spring was sufficient to
raise the water levelin the fractures to a levelwhich previously had not conveyed water. This
would result in a flush of sediment and dissolved constituents, as reported by North Emery

Water User Association, which had accumulated over time. Once the excess water in the

fractures had drained the flow in the spring and the water quality returned to normal levels.

Because the period of record for Birch Spring is limited, and the published stream flow
data for Huntington Creek do not include the period of record for Birch Spring, a comparison

to stream flow prior to 1990 cannot be made.

2-41 R.vircd t-31-95
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The flows from Birch Spring show somo seasonalflrrctuation; however' three years of

data do not provide sufficient information to identify the general flow characteristics. The

available data hppendix El indicate that flow from the spring gradually diminished in 1990,

an occurr€nce that was noted by the North Emery Water Users Association (verbal

communication, 19911. Flow during 1991 was stable, with only slight fluctuations.

The declining flow at Birch Spring is considered a result of below-normal precipitation

in the region over the past four to six years. Big Bear and Little Bear Springs also exhibited

similar flow reductions. Here again, as proposed for Big Bear Spring, when recharge to the

groundwater system is reduced below the amount required to replace the storage volume

depleted by base flow discharge over the previous year, the discharge from the system at tho

various discharge locations is adjusted to balance the change in storage of the system.

2.8 Water Rights Search

To assist in understanding the potential impacts of the mining operations on the

surrounding water resources, a search of the Utah State Water Rights records was conducted.

The computer records were scanned for all water rights, surface and groundwater, which

exist in the area of Sections 1O through 1 5 and 22 through 27 of Township 1 6 Sottth, Range

7 East. The search included an area between one half and one mile beyond the permit

boundary. The water rights which were identified are located on Figure 2-3 and presented

in Appendix C.

There are three surface water rights within the p€rmit and proposed expansion areas

(Figure 2-31. No springs with water rights were identified above the coal seams within the

perrnit or proposed expansion areas. In the adjacent area, 30 surface water rights and 29

groundwater rights were identified. Fifteen of the groundwater rights were associated with

flows from Big Bear and Birch Springs. The remaining rights w€ro associated with the mines

or with small stockwatering springs north of the permit area.

2-42 R.vb.d 1-31-aE
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3.1

3.O MONITORING WEIL INSTALTATION AND GROUNDWATER SAMPLING

Well Ddlling

For the purposo of collecting stratigraphic and hydrologic data for this study, thtoe

holes were drilled from the mine floor (the base of the Blind Canyon coalseaml to the Mancos

Shale (Figure 3-1). A Diamec model 251 hydraulic drilling rig was used by Co-Op personnel

to drillthe holes, and EarthFax Engineering geologists performed lithologic logging and aquifer

testing within the Star Point Sandstone. The holes were later completed as monitoring wells,

to allow groundwater quality in the uppermost aquifer below the mine to be characterized.

Monitoring well DH-3 was abandoned in November, 1993, so that the pillars could be pulled

in the 1st East section of the mine. A replacement monitoring well was installed in the 3rd

West Bleeders sectaon in January, 1994. Stratigraphic logs and completion diagrams for ell

four in-mine wells are contained in Appendix G.

The original drilling program specified the use of AW-size drilling rod and core barrels

to produce a 1.89-inch diameter pilot hole, which would be enlarged by reaming to a diameter

of 3 inches prior to aquifer testing. Difficulties in reaming the pilot hole required that larger

BW-size equipment be used to produce a 2.36-inch diameter hole. No fluid additives or lost

circulation material was used during drilling; only clear water was used as drilling fluid.

The holes were drilled and the aquifers were tested incrementally; i.e., as each aquifer

was penetrated, drilling would cease, the aquifer would be isolated, and aquifer testing would

be conducted. Because underlying impermeable shale was used as a seal at the bottom of

the aquifer to be tested, a single packer was placed at the top of the subject aquifer. Aquifer

testing procedures are discussed in Section 4.0.

3.1.1 Ddll Hole DH-lA. To obtain detailed stratigraphic information, drill hole DH-l

was continuously cored with AW rod from the mine floor to a depth of 195 feet. Due to drill-

3-1 R.vb.d l-31-85
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stem instability during attempted reaming of the AW hole to a diameter of 3 inches, DH-l was

abandoned and a second hole (DH-lAl was offset approximately 20 feet to the east. DH-lA
was drilled with BW rod to 195 feet (through th€ interval for which core had already been

obtained from DH-l1, and then cored continuously from 195 to 535 feet (total depth).

As core was retrieved from the borehole, it was cleaned, described, allowed to dry, and

boxed. The core boxes were p€rmanently labeled as to the hole and depth interval from

which the samples were obtained. All core samples are in the possession of Co-Op Mining

Company.

3.1.2 Ddll Holes DH-2 and DH-3. Drill holes DH-2 and DH-3 (Figure 3-11 were cored

selectively, across intervals within which stratigraphic contacts wero exp€cted (based on the

stratigraphy observed in the continuous core from DH-l and DH-lA). Table 3-1 is a summary

of intervals cored in each of the drillholes. Lithologies of drilled intervals between core runs

in DH-2 and DH-3 (Appendix G) were inferred from the color of drill cuttings. Because the bit

used in drilling these intervals produces a fine rock powder, no grains or lithic fragments are

contained in the drilling fluid returns. DH-2 was drilled to 530 feet, and DH-3 was drilled to

545 feet below the mine floor.

3.1.3 Ddll Hole DH4. Drill hole DH-4 was installed to replace abandoned well DH-3.

DH4 was drilled to a total depth of 238 feet and was terminated in the Mancos No. 1

Tongue.

3.2 Well Completion and Development

To plug the lower portion of the drillhole and isolate the Spring Canyon aquifer for well

completion, DH-lA was filled with cement from a total depth of 535 feet to 171 teet below

the mine floor. Due to binding of the tremie line during cement emplacement in DH-lA,
gravity-emplaced granular bentonite was used to plug the lower portions of DH-2 (from 530

to 190 feet) and DH-3 (from 545 to 189 feet).

3-3 ndb.d l-31-95
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TABTE 3-1

Summary of Corcd lrtcrvalr

3-4

Drillhole
t.D.

Cored Interval
(depth in feet below

mine floorl

Stratigraphic Targets

DH-1 0 - 195', Continuous core.

DH-14 19s - 535', Continuous core.

DH-2 95 - 106' BlackhawUSprinq Canyon contact.

190 - 245' Sprinq Canyon/IVlancos No. 1 /Storrs contacts.

335 - 430', Storrs/Mancos No. 2/Panther contacts.

500 - 530' Panther/Mancos Shale contact.

DH-3 82 - 98', Blackhawk/Sorino Canvon contact.

175 - 440' Spring CanyonflVlancos No. 1/Storrs/
Mancos No. 2 /Panther contacts.

500 - 545', Panther/Mancos Shale contact.

DH-4 170-238' Sorino Canvon/Mancos No. 1 contact.

Rovirrd 1€l-95
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Each well was completed with 20 feet of 1.S-inch diameter, flush-threaded Schedule

40 PVC 1O-slot screen set near the base of the Spring Canyon Tongue. Blank casing of the

samespecification was used to complete the wells to tho mine floor. A 2O-4O mesh silica

sand filter pack was emplaced in the annular space from the bottom of the screen to the top

of the Spring Canyon Tongue, and granular bentonite was placed on top of the filter-pack to

prevent infiltration of cement. The upper 50 feet of annular space was filled with neat

cem€nt. A 1O-inch diameter cast{ron watertight manhole was cemented flush with the mine

floor at each well. To further protect the monitoring wells, wooden barricades were installed

across the mine openings on either side of each well. Wellcompletion diagrams are contained

in Appendix G.

The completed wells were developed with a 1-inch diameter stainless steel bailer

attached to stainless steol cable. The bailer was used to surge and bail the well until the

water was visibly clean.

Groundwater Sampling

3.3.1 Monitorinq Wells. One-inch diameter bladder pumps were installed in each of

the monitoring wells. The pumps can be driven with nitrogen or other non-flammable

compressed gas, and are intrinsically safe for mine use. The sample lines, drive lines and the

bladder are constructed of Teflon, and the pump body is stainless steel. The dedicated pumps

are designed to be left in-place throughout the life of the wells, thus, the need for

decontamination and storage of purging and sampling equipment between sampling rounds

is eliminated.

To ensure the collection of samples representative of formation water, each well was

purged of three casing volumes prior to sampling. Samples were collected in laboratory-

supplied containers, and were stored in insulated ice chests at 4o C until delivery to the

analyticallaboratory. Laboratory analyticalresults for samples collected during the May 1992

3.3
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sampling round ar€ presented in Appendix H. Analytical results for 1994 quarterly sampling

rounds are in Appendix l.

3.3.2 Addidonal Samolino Polms. Grorndwater-quality samples are toutinely collected

by Co-Op Mining personnel from the North Mains section of the mine (SBC-9 and SBC-I0),

Bear Creek (BC-l and BC-21, and from springs associated with faults and joints in the Panther

Tongue of the Star Point Sandstone (SBC-4, SBC-S, and BP-l). Samples are also collected

from two locations in Trail Canyon: from the Hiawatha coal seam (TS-1), and a spring which

issues from the Spring Canyon Tongue of the Star Point Sandstone (CS-l). Sampling

locations are depicted on Plate 2.

3.4 Fadioisotope Dating

Groundwater samples were collected from SBC-4 (Big Bear Springl, SBC-S (Birch

Spring), SBC-9 (North Mainsl, and SBC-10 (Mine Floor water) in April, 1992, and submitted

for tritium analyses to the Rosenstiel School of Marine and Atmospheric Science Tritium

Laboratory in Miami, Florida.

The results of the tritium analyses are presented in Table 3-2. Tritium concentrations

(expressed astritium units, TU) for Birch Spring (1.12TUl, North Mains (0.90TU), and the

floor water (1.73 TU) are within the same order of magnitude, whereas the concentration for

Big Bear Spring 117.4 TU) is an order of magnitude greater.

According to Tharos and Cordy (1991), prior to above-ground nuclear weapons tests

conducted from 1953 to 1969, the natural tritium concentration in precipitation was 8.7 TU.

Assuming a half-life oI 12.26 years, tritium levels in groundwater stored since 1952 would

now be 0.95 TU, thus, water collected from SBC-9 (North Mains) sample is likely 1O0% pre-

bomb groundwater (water stored since before 1953). Waters from SBC-5 (Birch Spring) and

SBC-10 (floor water) are probably mixtures rich in stored pre-bomb groundwater, with a slight

amount of post-bomb water.

3-6 Rrva..d l-31-eE
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TABTE 3.2

Tdtium Analytical Results

Samolinq Point l.D. Location Tritium Concentration

sBc-4 Bio Bear Soring 17.2TU

SBC-5 Birch Sorinq 1.12TU

SBC-9 North Mains 0.90 TU

sBc-10 Floor Water 1.46 TU

3-7 irv|rd l-3t-95
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There aro thre6 possible explanations for the relatively high concentration of tritium in

the SBC-4 (Big Bear Springs) wator: 1l The groundwater could be freshly recharged; curront

tritium concentrations in freshly fallen rain water in Utah range between 1O and 20 TU

(Thiros, verbal communication, 19921; 2l it could be stored post-bornb water which originally

had a very high concentration of tritium which has since decayed; or 3) water from Big Bear

Springs could be a mixture of pre-bomb and post-bomb waters.

Becauss tritium concentrations in rainwater were greater than 1000 TU during periods

of active above-ground weapons testing (Fritz and Fontes, 19801, the age of water from Big

Bear Spring cannot be determined. Regardless of the source(sl of recharge to Big Bear Spring,

the concentrations of tritium in the remaining groundwater samples (SBC-S, SBC-9, and SBC-

10) suggest that Birch Spring water and the mine inflow are of similar age (pro-l9531, and

are not significantly recharged by modern precipitation.

3-8 Frvard l-31-eE
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4.1

4.0 AOUIFER TESTING

General

To estimate the hydraulic conductivities of the aquifers within the Star Point

Sandstone, slug injection and withdrawalt€sts were conducted in each of the in-mine borings.

To ensure that test results were representative of the individual aquifers, testing was done

incrementally in DH-1 A,OH-z, and DH-3; as each aquifer was penetrated, an inflatable packer

was used to isolate the subject aquifer from over-and underlying formations. Only the Spring

Canyon Tongue was tested in completed well DH-4; the procedures followed during testing

of DH-4 were the same as those used during incremental testing of the othor three wells,

except that no packer was used.

A slug test consists of rapidly changing the water level in a well or borehole by means

of the injection or withdrawal of a body of known volume (a "slug") into or from the water

column. When the slug is rapidly lowered into the water column, the water level rises

abruptly. Rapid withdrawal of the slug after the water level has fully recovered causes the

water levelto drop abruptly. The rate of water levelrecovery to static conditions is monitored

through time.

The slug used in this investigation consisted of a five-foot length of O.S-inch diameter

316-stainless steel rod attached to 0.05-inch diameter stainless steel cable. The five-foot

long slug has a displacement of 1 1.78 cubic inches, which is equivalent to a displacement of

3.20 feet in the 0.625-inch inside diameter of the drill rod.

Although it is recognized that tho radius of influence for slug tosts is smaller than for

the more conventional long-term pumping tests, slug tests are considered to provide adequato

information about hydraulic conditions in areas where studies are not aimed at designing an

exploitation program of the aquifer (Freeze and Cherry, 1979). Both the slug iniection and

halld l-!l-e5
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slug withdrawal tests produce similar results if performed under similar field conditions, and

if a sufficient tength of time is allowed to achieve maximum tocovery of the water level.

4.2 Fdd Procedurur

. The static water level was

rneasured with a pressure transducer in each subject aquifer prior to slug testing. The packer

and transducer wero placed at a known depth in the drillhole, and the water column height

measured by the transducer was added to this known depth to approximate the water level.

Total depth was determined by tallying the five-foot lengths of drill pipe as they were removed

from the hole after a completed drilling or coring run.

Static water level and total depth m€asurements in the completed monitoring wells

were made with an electric water{evel indicator. Each of the measurements were made

relative to the top of the protective surface casing. These values were used to d€termine the

saturated thickness of the zon€ to be tested.

4.2.2 Ooen-Hole Sluo Tests. During open-hole testing, an Instrumentation Northwest

pressure transducer with an operating range of O to 50 pounds per square inch (up to 1 15.5

feet of waterl was attached to the packer. Data derived from the transducer wero recorded

by a model 21X Micrologger manufactured by Campbell Scientific. The micrologger was

programmed to record water-levelchanges to within 0.001 foot at either one-half second or

one second intervals, depending on the response of the aquifer.

During the drilling progrem the bore hole was advanced through an aquifer into a

confining unit. The top of the aquifer was then sealed off and isolated from overlying aquifers

with a 2-inch diameter pneumatic packer (Aardvark model 121. The transducer was

connected to the packer, and measured the height of the water column inside the drill stem'

After pre-test measurements the slug was introduced through the drill stem and the test was

recorded by the micrologger.

4-2 n vb.d l-31-OE
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As data were collected, water-levels displayed by the micrologger were examined to

monitor trends and the progress of the test. The accuracy and completeness of data were

thereby reviewed before each test was terminated. Each test was allowed to proceed until

the water-level recovered at least 95% of the height displaced by slug injection, All data were

stored in the finalrnemory of the micrologger and transferred to a data-storage module in the

field. Data from the storage module were transferred to diskette storag€ in the office.

Following completion of the slug injection test and stabilization of the water-level, a

slug withdrawal test was performed. Hence, a minimum of two tests were conducted in each

well. When recovery was rapid, additional slug tssts were performed. Alldata thus collected

are on tile with EarthFax Engineering.

4.2.3 Sluo Tests in Comoleted Wells. Because the larger diameter of the well casing

(1.S-inch) would permit a less restricted and more r€presentative test (e.9., more smooth

introduction and withdrawal of the slug, less turbulence within th€ water columnl than that

possible through the drill stem (0.625-inch) and packer, slug tests of the Spring Canyon

Tongue aquifer were repeated after completion and development of DH-l A, DH-2, and DH-3

as monitoring wells (as noted, the only test of DH-4 was conducted after completion). The

hydraulic characteristics of the Spring Canyon Tongue aquifer listed on Table 4-1 and

contained in Appendix F are those obtained from tests conducted in the completed wells.

A pressure transducer with a maximum operating pressure of 10 pounds per square

inch (23.1 feet of water) was used to measure water levels during the slug tests in the

completed and developed wells. After pre-test measurements and programming of the

micrologger, the pressure transducer was lowered into the water to a depth that was below

the lowest point to which the slug would be lowered, but within the depth range of the

transducer. The slug was then rapidly lowered into the water column in the monitoring well,

and data were recorded as in the open-hole tests.
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TABLE 4-1

Hydraulic Conductivity and Transmisrivity Valuet

Well ldentification

and Test Number

Aquifer Saturated

Thickness

tftt

Hydraulic

Conductivity

(fUdavl

Transmiasivity

(ft'ldavl

Average Linear

Velocity

lfUdavl

DH-lA SPRING 88.0 o.146 12.848 0,0443

DH.IA STOBRS 97.0 0.031 3.O07 0.0155

DH.IA PANTHER 70.0 o.732 51.21 0.191 1

DH.2 SPRING 103.O o.012 1.236 o.oo36

DH.2 STORRS 106.0 79.4221 9,313. 39.2tr.

DH-2 PANTHER 88.0 0.025 2.2@ 0.0065

DH.3 SPRING 65.0 0.os8 3.770 o.or76

OH-3 STORRS 87.0 0.008 0.070 0.0040

DH-3 PANTHER 72.O 0.096 6.912 o.0251

DH-4 SPRING 177.7 0.163 28.99 0.049

nrvb.d l-tl-06



4.3 lnterpretadon Procedures

Date recorded on the data-storage module in the field were transferred to diskette by

nreans of either a model PC2OI tape and serial l/O card and associated software or a PC208

software package and serial cable with adapter, both developed by Campbell Scientific. These

data sets are stored as comma-delineated ASC!! data files. The contents of each data file

were subsequently transferred to an analytical program (AOTESOLVTUI, which allows ragid,

graphical represontation and log-linear regression analysis of test data.

. Recently published microcomputer software AOTESOLVI' (Duffield and Rumbaugh,

1989) was used to evaluate the slug test data. The method of Bouwer and Rice (1976),

which determines hydraulic conductivity for wells penetrating unconfined aquifers, is available

in the AOTESOLVru software lor the evaluation of slug test data, and was used to estimate

the hydraulic conductivities of aquifers tested for this study.

Values of time and actual water-level displacement due to iniection or withdrawal of

the slug are disptayed on a semi-logarithmic plot {i.e., water-leveldisplacement is represented

on a logarithmic y-axis and time is represented on a normal arithmetic x-axis). The hydraulic

conductivity is estimated from the equation:

Co-Op Mining Company
Bear Canyon Mine

where:

,. _ r"2 In(RJrJ1 n &^=-ilT Yr

Appendix 7-N
Revised Hvdrooeollic,,iS:rig33

(4-1)

Yo

Yt
L
lc
R.
rw

H
t

initial drawdown oJ residual drawdown in well due to
instantaneous removal or injection of the slug from the well (ft)
drawdown in well at time t (ft)
length of well screen (ftl
radius of well casing (ft)
equivalent radius ov;er which head loss occurs (ft}
radius of well, including gravel pack (ft)

static height of water in well (ft)
time (min)
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14-21

where:

C - dimensionless parameter which is a function of L/r- (see Equation
4-11,

nd other parameters are previously defined.

According to Bouwer and Rice (19761, Eguation (4-1) allows the hydraulic conductivity

to be calculated from the water-level change in the well. Because the hydraulic conductivity,

casing radius, well radius, the radius over which head loss occurs, and the screen length are

constants, (l/tl In yoly, must also be a constant. Thus, the time-drawdown data should

approximate I straight line if plotted in terms of In y. versus t. The quantaty (1/t) In VJVran
Equation (4-1) is obtained from the first straight-line segment drawn through the field data.

The AOTESOLVTM software program prompts the user to supply values of wellcasing
radius, drill hole radius, aquifer saturated thickness, well screen length, and static height of

water in the well. Time and water{evel data are read into the software program in the form

of ASCII data files, which are down-loaded from the field data-logger.

Once the field data and constants ar€ entered, the AOTESOLVTU software goneratss

semi{og plots of the data and automatically fits a straight line to the data according to user-

defined weighting. lf the entire range of field data do not approximate a straight line, only

those early data which form a valid straight-line segm€nt are weighted by the user such that
the software package produces the desired straight line approximation through the valid part

of the data set.

In(R/J=(ffi.ft,'
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The straight{ine fit produced by AOTESOLVil automatically determines the value of

yo (y-intercept) and an arbitrary value of y, at time t to solve Equation (+t ). Based on user-

defined values of screen length and drill hole radius, the software determines the value of C

to evaluate R. in Equation (4-21.

The software generates the straight line approximation by means of a nonlinear

weighted least-squares parameter estimation technique, i.s., the Gauss-Newton linearization

mothod (Duffield and Rumbaugh, 1989). The estimation technique minimizes the difference

between observed and estimated values through iterative solution of the system of linearized

equations until converg€nc€ is achieved. To ensure the fit of the straight line, the software

prints out the values of actual water levels, calculated water levels, and residual values (the

difference between the actual and calculated water levels) derived by the parametet

estimation technique. Additionally, the statistical values of mean, standard deviation, and

variance also are provided for the weighted residuals. These statistics indicate the goodness-

of-fit of the straight line generated through the weighted slug test data by the estimation

technique. Table 4-2is a summary of the information collected in the field and subsequently

used in the slug test analyses.

4.4 Aquifer Test Data and Results

Slug test plots for the wells tested are presented in Appendix F. Included with the

time-drawdown plots are printouts of well constants and field data used to estimate values

of hydraulic conductivity. Also listed in Appendix F are values of actual water levels,

calculated water levels, and residual values (the difference between the actual and calculated

water levels) derived by the parameter estimation technique. Statistical values of

mean,standard deviation, and variance also are provided for the weighted residuals. Table 4-1

is a summary of aquifer saturated thickness, hydraulic conductivity, transrnissivity, and

average linear velocity values calculated for each well.
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TABTE 4.2

Slug Tert lnput Data

Wcll ldentification
And Test Number

Static Water
Level

(ft btc'l

Diameter Of
Casing

(inl

Radius Of
Borehole

(inl

Screen
Length

ffit

Total
Depth

tftt

Aqdfer
Saturated
Thickness

rftl

DH-1A SPRING 70.0 2.5 2.9 20.o 171.0 70.0

D}I.lA STORRS 97.0 2.9 2.9 95.0 NA 97.0

I}I.IA PANTHM 70.0 2.9 2.9 60.0 NA 70.0

DH-2 SPRING 160.0 2-5 2.9 20.o 190.0 160.0

DH.2 STORRS 106.0 2.9 2.9 104.O NA 106.0

DH.2 PANTHER 190.0 2.9 2.9 86.0 NA 88.0

DH.3 SPRING 50.0 2.5 2.9 20.0 190.0 50.0

DH.3 STORRS 127.0 2.9 2.9 70.o NA 72.O

DH-3 PANTHER 72.O 2.9 2.9 70.0 NA 72.O

DH4 SPRING 62.0 2.5 2.9 20.o 190.0 177.7

' Below Top of Casing.
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The hydraulic conductivity values used are taken directly from AOTESOLVil plots, and

a plot from each slug test is analyzed. Plots with convoluted or broken data lines are reiected.

Plots from t6sts that were aborted prematurely or had other technical difficulties are also

rejected. One plot was selected per formation, per hole from the remaining plots, based on

goodness of fit.

According to Driscoll (1986), hydraulic conductivity indicatesthe quantity of waterthat

will flow through a unit cross-sectional area of a porous media per unit time. Transmissivity

is the transmission capability of an aquifer, and can be calculated by multiplying the saturated

thickness of an aquifer by its hydraulic conductivity.

The horizontal rate of groundwater flow (or average linear velocityl of groundwater in

each tested aquifer was calculated using a modified form of the Darcy equation (Freeze and

Cherry 19791:

i = (nnlwilaD (4-3t

where:

averago linear groundwater velocity (ftlday).
hydraulic conductivity (ftlday).
porosity (fraction!.
hydraulic gradient (ft/ft).

Calculation results are shown in Table 4-1. The results from all of the tests are

deemed satisfactory, with the exception of tests run on the Storrs Tongue aquifer in DH-2.

During analysis of test data for this aquifer and later field checks, it was discovered that the

packer bladder had not seated properly during slug testing of this interval, and had allowed

water to communicate around the packer. This fact explains the very large discrepancy

between the values from this unit, as compared to values derived from Storrs tests in DH-1A

and DH-3.

v=
K=
n=

dh/dl =
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5.1

5.0 CONCLUSIONS AND RECOMMENDATIONS

ConcluConr

Based on this strrdy the following conclusions are made:

The groundwater system in thr area of the Trail Canyon and Bear Canyon

mines is mainly controlled by geologic structures (faults and fractures) and

lithology.

In the area of present development, the regional water table is located below

both the Blind Canyon and Hiawatha seams in the Bear Canyon mine, as

indicated by in-mine drilling and aquifer testing. The three aquifers within the

Star Point Sandstone have separate, distinct statac water levels, and are not

fully saturated in the southern portion of the permit area.

At the present time, there is no evidence to suggest that interception of water

within the workings of the Bear Canyon mine has had an impact on water
quantity or quality at Big Bear Spring or Birch Spring.

-- Tritium analyses suggsst that Bebr Canyon Mine water is

primarily relict 'pre-bomb" water, and does not recharge Big

Bear Spring which is "post-bomb" (more recently recharged)

water.

- Analysis of Piper diagrams does not suggest a hydraulic

relationship between Bear Canyon Mine water and the water

from Birch Springs.

5-1 n va.d t-3t.96
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- Analytical results of groundwater samples collected in 1991

indicate that water intercepted by and stored in sumps within

the Bear Canyon Mine is of higher quality than that discharged

at Big Bear and Birch SPrings.

o Mine water discharge may increaso th6 quantity and improve the quality of

wator in Bear Creek.

Subsidence over the southwest portion of the Bear Canyon Mine cennot impact

Birch Springs; Blind Canyon truncates the coal seam before it reaches Blind

Canyon Fault or the fault and fracture zone associated with Birch Springs.

The recent reductions in spring flows appear to be the result of significant

reductions in precipitation amounts over the last five to six years.

5.2 Recommendationr

The fottowing recommendations are presented to assist in addressing some of the

concerns of the water companies and the Utah Division of Oil, Gas, and Mining:

o Co-Op Mining Company should continue to periodically monitor flows and water

quality at Big Bear and Birch Springs. Regular monitoring will ensure the

collection of adequate data for the evaluation of potential mining-related

impacts to the springs. Each round of flow monitoring and sample collection

should be performed by the same individual, to reduce the possibility of error

due to technique.

Special attention should be paid to sampling and preservation techniques.

Recently obtained comparative laboratory results should be reviewed and

consideration should be given to the selection of a new laboratory. Ouality

o

o

5-2 R.vt d l-31-05
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assurance/quality control samples should be sbmitted with each round of

samples, to allow sampling techniqrrs and laboratory performanco to be

evaluated.

I
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In 2001 C. W. Minirrg hired Tv1a,vo and Associates to do a detailed hydrologic study alrd a PHC

of the 2001 permit area, and of the futule Wild Holse Ridge and Mohrland expansion areas. This

repoft erititlecl "Investigation of Grounclwatt:r ancl Sur{ace-Water Syslems in the C. W. Mining

C<lmpany Federal Coal Lease and Fee l-ands. Southern Gentry Mouirtain. Emery and Carbon Counties,

Utah: Probable Hydrologic Consequences of Coal Mining in the Beal Canyon Permit Area and

Recommenclations for Sulfac.e Water and Grounchvater Monitoring" is included in the appendix

itmnediately lbllorving these pages.

In 2006 cluring the Ivlohrland permit expansion the Forest Service expressed concerns that the

PIIC included in tlie Iirst Nlayo reporl clid rrot fully address the lvlohrland area. and that it u,'as outrierre<l

Because of this C. W. Mining again hired Mayo ancl Associates to update thc PHC itrcluclccl in the lirst

repott. Instead lervriting the tlrsl report. M1ayo ancl Associates wrote a second leporl entitled "Reviset1

Plobable l-lydlologic Cfonsequences ol'Coal I\'lining in the I3ear Canyon Mine, Wild f{orse Ridge. and

Molrlancl Permit Areas". 'I'his seoorrd report is inclucled in this irppenclix immediatr:ly follorving rhe

fl'st reporr. When readirrg the first repolt section 9 rvhish includss the PHC should be ignored ancl the

second repoft shc;uld be used instcad.

Additionally ueither of thc l'eports addlessed de-',vateling of the olcl lVlohllaud workings since

net increase ol'rvatet'being discharged is erpectecl as clescribed bclovr,.

f)ue to saf'ety concerns de-u'atet'ing of the clcl ivlohrland rvorkiugs will iikely take place during

initial clevelopment ol'the new Molu'larrd rninc.. and while rclreal rnining o1'long-rvall paneJs l, 2, and 3

o1'thisbkrck(seel'>late5-1ts). 1-l.S.Fuelol'ficialsreporledthatittooklSmonthsfbrrhcsemirre

workings lo lill up iind begirr clischargiirg. Basecl on this the volrarre of'r.r,atcr storerl in thc otd
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rvorkings is approximately 600 acre-tt.

C. W. lv{iuing anticipates needing betrveen 200 and 250 gpm during the long-rvall ririning

operatiorrs. \\4rile rnining is taking place itr the Blind Cernyon and Tank cclal seams the water will

conte from the Beal Canvon #l mine dischar-qe and tlorn treated surface waters as allowed by our

shares in lluntington Cleveland Irrigation Company. When mining begins in the l{iarvatha seam the

Mohrland discharge rvill be intelcepted and this water r.vill be used. If any new inllorvs are encoutrtered

this water will be used. and lcss of the old mine workiugs intlou,s will be diverted Because the in-

I]ows liom the old workings will be diverted antl the de-rvatering o1'the oltl workings r.vill take place

over a 3 t<t I year period the discharge is trot anticipated to lre grcater then the current rate of'250 gpm

even if de*\.vatering is taking place or il'nerv irrllorvs arc cncoul'rtered in the trew rvorkings. z\n

anticipated time line ol'thcse aotivities is outlined belon'.

Year

2010

Minc Operations

Mine clevelopnrent begins

2010-201 1 Dcrvatering ol old r.r,olkings begins

2013 Longwall nrining begins

:01:-20'17'h New infiorvs .rre cncounlered
+ Il' r'ieu, iailorvs are ('ncounlercd bcfori: lorrgwail nrininu
avgr&ge discharge j5 IJQ gpru.

New

.}lile Use lnflorvs

150 gpni 0 gpnt

1.50 gpm 0 gpni

250 gprn ()gpm

250 gpm 0-12() gpm

bcgins, ihc dcrvatcrittg {iows will

Mohrland

Discharge

100 gprn

100-200 gpnt

0 gprn

0-l 20 gpnt

bc dccrcased to cr'rsnre an

lf' condilions arise that prevent C. W Mir*ng liiinr firilorving 1lie prclposed schedulc the

<tris*harge m*v increasc to 150 gpnl as stiuted ou page ll r;{'tht: second Vlayo rep<l*.
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1.0 INTRODUCTION

C.W. Mining Company intends to expand their current operations at the Bear Canyon Mine

into Federal coal leases in the Wild Horse Ridge area (U-020668 and U-38727) and into

Federal coal leases (U-46484, U-61048, U-61049, and U-0243 16) and fee lands in the

Mohrland area @gure 1). These lands include 9,320.54 acr€s on G€ntry Mountain in the

Wasatch Plateau Coal Field. The current Bear Canyon Mine lease area, the Wild Horse

Ridge area, the Mohrland are4 and lands immediately adjacent to these areas comprise the

area of study for this investigation.

This report describes the surface-water and groundwater systems of the current mine lease

area, the Wild Hone Ridge are4 and the MoHand are4 and is written in zupport of Chapter

7 of the Mining and Reclamation Plan G\m.P). This portion of the MRP requires, among

other things, a description of groundwater systems, an analysis of the probable hydrologic

consequences of coal mining within and adjacent to the permit are4 and a surface-water and

groundwater monitoring prcgram.

While this report genoally focuses on the probable hydrologic consequences of underground

coal mining in the study are4 specific attention is given to two sprinS. As culinary water

supply sources, these springs, Birch Spring and Big Bear Spring, have been the subject of

particular conc€rn to regulatory agencies, local communities, and private citizens. This

report provides greater insight into the possible relationship between mining operations and

the water quality and quantity of Birch and Big Bear Springs.
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2.0 PROJECT OVERVIEW

2,1 Pu4lose of investigation

The purpose of this investigation is to characterize surface-water and groundwater resources

in the shrdy area in order to assess the probable hydrologic impacts of mining and to

formulate a surface-waier and groundwater monitoring program.

2.2 Methods of investigation

Surface-water and groundwater resources in the study ar,ea have been evaluated by analyzing:

1) solute and isotopic compositions of surface waters and groundwaters, 2) surface-water and

discharge dat4 3) piezomefric data and 4) geologic information. Specific

methods of investigation are described below.

2.2.1 Compilation of water quality, discharge, and piuometric data

Water quality, discharge, and piezometic data were obtained in elechonic format from C.W.

Mining and compiled into an electronic database management system. A printed copy of the

data that are included in this database is attached in Appendix A.

2.2.2 Collection and analysis of isotopic data

As part of this investigation, Mayo and Associates have collected water samples from six

stream sites, 19 qprings, three wells, and two in-mine locations for stable and radiogenic

isotope analysis. Additional isotopic data collected previously by Mayo and Associates,

C.W. Mining Company, and consultants retained by the Castle Valley Special Services

Investigation of groundwater and surface-water 3
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l'
Disfict and the Norttr Emery Water Users Association have been incorporated into this

study. These additional data are from springs, in-mine locations, and one well.

Isotopic samples for 62H, 6tto, and tritium analyses were collected, seald and preserved in

appropriate glass or HDPE plastic bottles. Dissolved inorganic carbon for 6'3C and

radiocarbon analysis were precipitated with BaClr.2HrO.

For this investigation, Mountain Mass Spectromety, Evergreen, Colorado, pedormed stable

isotopic analysis for 62H and 6180 compositions. Geochron Laboratories, Cambridge,

Massachusetts, performed stable isotopic analyses for 5"C composition and radiogenic

radiocarbon content. The Universrf of Miami Tritium I-aboratory, Miami, Florida

pedormed titium analyses using elecfrolytic enrichment and low-level counting methods.

Laboratory reporting sheets for isotopic analyses are included as Appendix B.

2.2.3 Data analysis

Geochemical, isotopic, discharge, and other data were analyzd by graphical, statistical, and

computer methods. Solute compositions were graphic,ally utalyzed using Stitr (195 1)

diagrams. Groundwater 'oC residence times were calculated using methods described by

Fontes (1980), Mooke (1980), and Pearson and Hanshaw (1970).
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3.0 PHYSIOGRAPHIC, CLIMATIC, AIID GEOLOGIC SETTING

3.1 Physiography

The study area lies within the cenhal Wasatch Plateau region of the Colorado Plateau

physiographic province. The principal physiographic features of ttre study area are visible on

a digital shaded relief image (Figrre 2). The northem and cenffal portions of the study area

are dominated by Genty Mountain, a flat-topped mesa at an elevation of approximately

9,400 feet. Most of Genbf Mountain is relatively flat, except for McCadden Hollow in the

nofihwest comer of the study are4 which forms a shallow valley as much as a few hundred

feet lower than the rest of the mesa. The remainder of the study area consists of steep,

narow canyons cutting into Genty Mountain from the southwest, south, and east. These

canyons include Trail Canyon and Bear Canyon to the southwest, the kft Fork and Right

Fork of Fish Creek to the south. and Cedar Canyon to the east.

3.2 Climate

Average precipitation is measured by C. W. Mining Company at the Bear Canyon Mine

facilities and in Trail Canyon. For the period 1993-1 997, the average yearly precipitation

was 10 inches in Bear Canyon and 14.75 inches in Trail Canyon. Precipitation at the NOAA

station (NCDC, 1999a) at the town of Hiawatha on the northern extent of the study area

averaged 13.8 inches per year during the period I93 I - 1992. These three precipitation

stations are located in the lower elevations of the study area and represent climatic conditions

at the base of the plateau escarpment. The National Resource Conservation Service (NRCS)

maintains two higher elevation precipitation stations west of the study area. During tlrc

period 196 l- 1990 CNTRCS, 1995) the average annual precipitation was 29 inches at the
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Mammoth-Cottonwood Station (elevafion 8,800 feet), and 33 inches at ttre Red Pine Ridge

station (elevation 9,200). These latter stations are more representative of precipitation in the

hisher elevations of the sttrdv area.

The Palmer Hydrologic Drought Index (PHDI; NCDC, 1999b;Karl, 1986; Guttman, 199 l)

indicates long-term climatic trends for the region. The PHDI is a monthly value gene,rated by

the National Climatic Data Center (NCDC) that indicates the severity of a wet or dry spell.

The PHDI is computed from climatic and hydrologic parameters zuch as temperature,

precipitation, evapotanspiration, soil water recharge, soil water loss, and runoff. Because the

PI{DI takes into account parameters that affect the balance betrveen moisture supply and

moisture demand, the index is a useful tool for evaluating the long-term relationship between

climate and groundwater recharge and discharge.

Figures 3a and 3b show the PHDI for Utah Dvision 4 (south c€ntral) and Dvision 5

(northem mountains), respectively. The study area lies near the boundary of these two

regions. These gaphs indicate several extemely wet years during the early and mid 1980s,

followed by several years of drought in the late 1980s and early 1990s. From 1993 through

1998 the regions have had mostly wet conditions with several short dry periods.

3.3 Geologg

The geolory of the current Bear Canyon Mine permit area is described in Chapter 6 of the

Bear Canyon Mine MRP. The geology of the area is also describ"d by Spieker (193 l),
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Witkind and others (1987), and Brown and others (1987). This geologic information is relied

on in trre following discussion.

3.3.1 Stratigraphy

Seven bedrock formations, rangrng in age from Cretaceous to Fncene, crop out in the study

area These formations are (from oldest to youngest) the Mancos Shale, Star Point

Sandstone, Blackhawk Formation, Castlegate Sandstone, Price River Formation, North Horn

Formation, and Flagsiaff Limestone. These formations are shown on a geologic map (Figure

4) and on a generalized statigraphic column (Figre 5). The outcrop of the Flagstaff

Limestone is not shown on Figure 4 because it was not mapped by previous workers

(Spieker, 193 I; Witkind and others, 1987) on Genty Mountain. Field observations indicate

that the Flagstaff Limestone is exposed on Genty Mountain.

Except for the Flagstaff Limestone, these be&ock formations were deposited during

transgressions and regressions of the shoreline of the Westem Cretaceous Interior Seaway

dwing the Late Cretaceous and Early Tertiary. This ancient shoreline was located along the

eastem edge of the tectonically uplifted mountains of the Sevier Orogenic Belt. Sediments

eroded from the uplifted mountains were carried toward the seaway by fluvial systems and

deposited as tenestial, shoreline, marine, and interfingered marine and non-marine

sedimentary sequences.

On the temestrial side of the shoreline, sediment deposition occurred in lacusfrine (lake

carbonates, marls, and sands), alluvial plain (sands and clays), fluvial (stream sands and

Investigation of groundwater and surface-water

systems in the C.W. Mining Company
coal leases and fee lands

25 June 2001



Itqvo snd Asscclslcs, LC

overbank muds), and carbonaceous backshore (coal swamp) environments. Along the

shoreline, marine foreshore deposits (beach sands) accumulated. Offshore, sands swept from

the beaches were laid down as bars and blankets of sand in the near-shore shallow manne

water. These blankets of sand are known as shoreface deposits. The clay fraction of stream-

transported sediments which reached the shoreline was deposited as thick marine mud (shale)

in the deeper and more quiescent portions of the seaway. Because the transgression and

regression of the shoreline was accompanied by the continual deposition of sediments, a

variety of horizontally and vemically discontinuous sediment types occur throughout the coal

district. This depositional history has resulted in a heterogeneous rock record that has had a

profound effect on the water-bearing characteristics of these rocks.

Each of the geologic units that crop out in the study area is discussed briefly below.

3.3.1.1 Mancos Shale

Castle Valley, located east of the study area, is developed on the easily eroded Mancos Shale.

This formation is also exposed at the base of the Wasatch Plateau escarpment. The Mancos

Shale was deposited in deep, quiescent portions of the Western Cretaceous Interior Seaway

from Early to Late Cretaceous time. Consequently, the formation is over 4,000 feet thick and

underlies vast portions of the Colorado Plateau. The shale is carbonaceous, gypsiferous, and

slightly calcmeous. The unit is medium-gay to bluish-gray and is locally fissile with

discontinuous stringers of siltstone and mudstone. The contact of the Mancos Shale with the

overlying Star Point Sandstone is conformable and intertonguing.

Investigation of groundwater and surface-water
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3.3.1.2 Star Point Sandstone

The Star Point Sandstone, which is present throughout the areq forms cliffs where

exposed at the surface. The sandstone was deposited as marine shoreface blanket sands

which are laterally continuous, but thin basinward (to the east). Landward (to the west),

these sandstones terminate ab'nrptly into the mud- and organic-rich backshore facies.

Because many of the organic-rich facies have been converted to mineable quality coal,

locally the Star Point Sandstone has immediate contact with coal s€ams. Elsewhere

sandstone bodies of the Star Point Sandstone are overlain and underlain by lower shoreface

and open marine shales of the Mancos Shale. What this means is ttrat the mmine shoreface

sandstones are three dimensionally encased by low-permeability marine shales and fine-

grained carbonaceous backshore coal-bearing facies.

The Star Point Sandstone thins eastward and merges with the underlying Masuk Member of

the Mancos Shale. Three prominent tongues of the Star Point Sandstone inter-finger with the

Mancos Shale. These three sandstone members, from bottom to top, are the Panther, Storrs,

and Spring Canyon Sandstones. Valuable information about the Star Point Sandstone in ttre

Bear Canyon Mine area was obtained from three in-mine drill holes that penetrated the entire

thickness of the Star Point Sandstone (EarthFax, 1993). Data from these holes indicate the

following statigaphic thicknesses in feet:

DH- 1 A DH-2 DH-3 Average
Spring Canyon S S

Mancos Shale

Stons ss

Mancos Shale

Panther SS

88

57

96

JI
105

103

31

105

43

88

98

40

120

84

91

96
45

107

55

97
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The Panther Sandstone is a fine- to coarse-grained sandstone that is poor$ cernented.

Bedding in the Panther Sandstone is variable from massive to laminated with muddy

partings and local bioturbation. The Panther Sandstone is less dense, coarser-grained, less

well cemented, less indurated, and more permeable than the other tongues of the Star Point

Sandstone.

The Storrs Sandstone is a very fine- to fine-grained sandstone that is well cemented and well

induratod. Bedding ftnges from massive to laminatod with muddy horizons and parting. The

Storrs Sandstone is gurerally finer-grained, de,nsetr, and more highly indurated and less

permeable than the other two tongues.

The Spring Canyon Sandstone is fine- to medium-grained sandstone that is well cemented.

Like the other tongues, bedding is variable in the unit with muddy horizons and partings.

3.3.1.3 Blackhawk Formation

The Blackhawk Formation consists of an upper non-marine, suspendedload fluvial portion

and a lower marine shoreface and non-marine foreshore portion. Massive, cliflforming units

are common in the upper portion, and thinner-bedded, slope-forming units are corlmon in the

lower portion. The thickness of the Blackhawk Formation ranges from 600 to 700 feet in the

study area. Most of the thicker coal seams occur in the lower portion of the Blackhawk

Formation.

Investigation of groundwater and surface-water
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The upper portion of the Black*rawk Formation was deposited in an alluvial-plair/suspended-

load fluvial channel environmenl In these environments layers of mud are more abundant

than channel sands, and sandstone channels are generally isolated from each other both

laterally and vertically by mud-rich overbank and interfluvial deposis.

The lower portion of the Blackhawk Formation contains the mineable coal deposits and

consists of more thinly bedded sandstone and shale layers. The coal-bearing units of the

lower Blackhawk Formation overlie and are laterally juxtaposed to marine shoreface

sandstones of the Blackhawk Formation and Star Point Sandstone. On a large scale, these

sandstone bodies are laterally continuous but terminate abruptly into the mud- and organic-

rich backshore faces in a landward direction. However, individual rock layers are lenticular

and discontinuous, wft abundant shaley interMs. The fine- to medium-gained sandstones

occur as thin- to massively-bdded paloochannel deposits. The paloochannels increase in

frequency, thickness, and lateral extent upward in the formation.

The coal searN mined at the Bear Canyon Mine include the Tank Seam, the Blind Canyon

Seam, and the Hiaw a Seam. Other seruns, which are of lesser economic importance in the

permit area, include the Bear Canyon Seam and the upper beds. The uppermost coal seam

mind at the Bear Canyon Mine is the Tank Seam, which ranges from 0 to 8 feet thick. The

underlying Blind Canyon Seam, which ringes in thickness from 0 to 10 feet, is separated

from the Tank Seam by approximately 240 feet of sandstone, mudstone, and shale. The

stratigaphically lowest coal seam in the permit area is the Hiawatha Seam, which is

separated from the overlying Blind Canyon Seam by between 40 and 110 feet of interbedded
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sandstone, mudstone, and shale. The Blind Canyon Seam ranges in thickness from 5 to 8

feet. In most locations, the Hiawatha Seam has direct contact with the underlying Sp.,"g

Canvon Sandstone.

3.3.1.4 Castlegate Sandstone

The resistive Castlegate Sandstone forms a distinct cliff above the Blacktrawk Formation.

The Castlegate Sandstone was deposited by a bed-load fluvial channel system. The unit

lithology is dominated by sandstone with occasional siltstone and claystone interbeds.

Sandstone charurels are varied in size and interpenetate. Sands within the channels are

coarse-grained and can be conglomeritic. Although the primary porosity is high, the

existence of mudstone drapes and pervasive cartonate and silica cement greatly reduces the

overall porosity. The Castlegate Sandstone ranges from 150 to 250 feet thick within the

studv area.

3.3.1.5 Price River Formation

The Price River Formation forms a series of ledges and slopes above the precipitous cliffs of

the Castlegate Sandstone. It ranges in thickness from 600 to 700 feet in the study area and

consists of poorly cemented argillaceous sandstone that is easily eroded. The depositional

environment of the Price River Formation is a mixed-load fluvial channel system, which

created interbedded sandstone and shale/claystone layers. This unit was deposited on a

coastal plain and as a result contains thin lenses of channel sands and thin, discontinuous coal

bed s.
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3.3.1.6 North Horn Fomation

The North Hom Formation overlies the Price River Formation and consists of reddish-brown

and grayish-brown mudstone with intefteddd siltstone, sandstone, and limestone.

Limestone beds are dark gray, dense, ftin-Hdeq and locally fossiliferous. The deposition

of the North Hom Formation was in alluvial plai4 lacustrian, and fluvial channel

environments. Because sand occurs mostly in fluvial charurels, mudstone is more abundant

than sandstone. Sandstone channels are isolated spatially by overbank mudstone deposits

and lacustian clays. The North Horn Formation is about 800 foet ttrick within the study area

3.3.1.7 Flagstaff Limestone

The Flagstaff Limestone overlies the Price River Formation and mnsists of freshwater

limestones with some marls and thin sandstone stringers. It typically forms a steep cliff at

the top of the Wasatch Plateau, and forms the top of Genty Mountain within the study area.

The thickness of the Flasstaff Limestone on Gentn Mountain has not been measured but

varies in other locations from l0 to 300 feet. The Flagstaff Limestone contains abundant

secondary fractures produced during uplift and subaerial exposure.

3.3.2 Structure

Rock layers within the study area are nearly flat, with an approximate regional dip of 2 to 3

degrees to the south and southeast @rown and others, 1987). The westem portion of the

study area includes portions of the Pleasant Valley Graben, a complex north-south trending

structure corsisting of seveial pmallel or zub.parallel fauls. krdividual faults wittrin ttris

structure show displacements on the order of 20 to 200 feet. The Pleasant Valley Graben is
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boundod on fte west by the Pleasmt Vdley Fault which 4proximdely follows Trail

Cmyoq and on the east by fte Ber Cayon Fault, which ryproximately follows Bear

Canyon. ln the area east of this graben, there are no other reported faults.
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4.0 PHYSICAL IIYDROGEOLOGY

Within ttre study are4 groundwater naturally dischmges from the Flagstaff Limestone, North

Hom Formation, Price River Formation, lower Blackhawk Formation, and each of the three

tongues of the Star Point Sandstone (Table 1). No significant groundwater discharge has

been identified from the Castlegate Sandstone, upper Blackhawk Formation, or Mancos

Shale. Groundwater is also encountered in mine workings in the Blackhawk Formation. The

discharge characteristics and ttre spatial and sfatigraphic occurrence of groundwaters in the

study area are discussed below. Monitoring locations and details are listed in Table 1.

4.1 Spring discharge rates

The combined discharges of qprings discharging from the geologic formations within the

study area are plotted on a bar gaph in Figure 6. In Figure 6a, the bm lengths represent the

sums of the maximum recorded discharges for all springs in an individual geologic

formation. Figue 6b shows the minimum discharges measured for springs in the individual

geologic formations. Thus, Figure 6a represents ttre maximum groundwater discharge rate

from each formation during ttre high-flow season, while Figure 6b represents baseflow

groundwater discharge rates during the low-flow season and during periods of drought.

There is a large variation between the combined discharge rate for all formations during high-

flow conditions, approximately 1,000 gpm, and the baseflow rate of only 135 gpm. The

more than seven-fold decline in discharge rates during the low-flow season reflects the

importance of seasonal recharge and climatic variability to groundwater systems in the area.
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River Formation (2)

ring Canyon Sandstone (2)

Storrs Sandstone (no data)

20 40 60 80 loo r20 140 160 r80 200 220

Maximum discharge (gpm)

(number in parentheses represents number of springs with data)

0 20 40 60 80 100 120 r40 160 180 200 220

Minimum discharge (gpm)

(number in parentheses represents number of springs with data)

Figure 6 Plot of combined discharge rates from each formation.

Flagstaff Limestone (5)

Flagstaff/North Horn Contact (6)
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Castlegate Sandstone (0)

Blackhawk Formation (4)
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Mayo and Associates, LC

hdividual geologrc formations reqpond differently to seasonal precipitation and climatic

variability. Spring response values ('R-values") are presented for each geologic formation in

Table 2. The "lvlax Q" colurnn represents the sum of the maximum recorded discharges (in

gm) for all of the identified qprings in the formation. The "Min Q" column represents the

sum of ttre lowest recorded flows (in pm) for all of ttre identified springs in the formation.

The R-value represents the ratio, expressed as a percentage, of measured minimum dischmge

to marimum peak discharge for each formation. The larger the R-value, the more constant

the discharge from ttre formation. Very low R-values are indicative of groundwater systems

in which discharge declines greatly during the late sunmer and fall months or during

droughts.

Table 2 Maximum and minimum discharge rates for each formation

l{ Max Q Min Q R-Value

Flagstaff Limestone

Flagstaff Limestone/North Horn Formation

North Horn Formation

Price River Formation
Castlegate Sandstone

Blackhawk Formation

Spring Canyon Sandstone

Stons Sandstone

Panther Sandstone

Mancos Shale

6

13

I
0

4

2

1

I
0

168

221

224

22
0

125

,r:u

186

0

2.5

6,0

29

0

0

7,55

0.5

89
0

1.5Y0

2.70/o

12.9Y0

0.0%

6,0%

3Uo

47.lYo

A discussion of groundwater discharge characteristics from each of the water-bearing

geologic formations in the study area is presented below. Sp.itrg discharge hydrographs for

representative springs in each geologic formation are presented in Figure 7.
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4.1.1 Flagstaff Limestone Springs

The distribution of Flaptaff Limestone qprings is limitd to the highest elevation areas on

Gentry Mountain. Hydrographs are available for four springs that discharge from the

Flagstaff Limestone in the study area (Figures 7a through 7d). These qprings include 16-8-7-

3, 16-8-184, 16-8-18-5, and SBC-19. Each of these springs displays large variations in

discharge rates from the high-flow s€ason during the arurual snowmelt eve,nt to the low-flow

seimon in the late zummer and fall months. The R-value for Flagstaff Limestone spnngs

0.5%) is among the smallest calculatod for any of the geologrc formations (table 2),

indicating that these springs have the greatest dependence on seasonal recharge. Each of the

Flagstaff qprings has been observed to be dry on occasions. Commonly, miximum spring

discharge rates are measured during the first sampling event of the year when the spring sites

are first accessible after the melting of winter snows. When the Flagstaff Limestone springs

me revisited during subsequent monitoring events during the year, tlrc springs are mmmonly

dry (e.g. springs 16-8-7-3 and 16-8-18-4). Exceptions to this condition occasionally occur

during extended wet spells. This type of spring response indicates that the storage capaclty

of the limestone rock is low and/or the groundwater flow velocities are high. Groundwater

travel times (from recharge location to discharge location) are less than one year. This

condition occurs because groundwater flow in limestone rock occurs primanly within

fractures, where groundwater can flow rapidly under conduit flow mnditions. Groundwater

storage does not occur in the bulk (pore spaces) of the rock as commonly occurs in clastic

rocks. Rather, storage is limited to the volume of interconnected fractures within the rock.

Because groundwater flow velocities are high and the storage volumes are small, the

formation drains rapidly after the recharge (seasonal snowmelt) ends. In the future, it will

Investigation of groundwater and surface-water
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Mayo and Associates, lC

likely be mmmon for these springs to be completely dry during periods of prolonged

drought.

4.1.2 Flagstaff Limestone/l\orth Hom Formation Transition Springs

Seven springs discharging near the contact with the Flagstaff Limestone and the North Hom

Formation have been routinely monitored for flow in the study area. These qprings include

16-7-l-6, SBC-12, 16-8-20-1, FBC-12, SBC-I8, SBC-16, and SBC-I5. All of the discharge

hydrographs (Figures 7e through 7k) for these springs display large seasonal fluctuations in

discharge, with an R-value of 2.7% (Table 2). Five of the sevur FlagstaflNordr Hom springs

display large variabillty in seasonal discharge rates but have more gradual yearly discharge

declines. The delayed release of the annual recharge is attributable to the presence of clastic

rocks (primarily sandstone channels) near the surface and colluvium at the suface. These

materials allow storage of water in the qpringtime (during the snowmelt event) and a more

gradual release of the water as these sediments are slowly drained. Each of these springs has

occasionally been dry, or discharged at less than about I0%o of their peak discharge rates,

during low-flow conditions and in dry years. This suggests that the groundwater systems that

support these springs are generally small in size (i.e., the amount of groundwater in storage is

generally less than one year's discharge).

Two of the FlagstaflNorth Hom springs (16-8-20- 1 and SBC- 16) exhibit discharge

characteristics similar to those of the Flagstaff Limestone springs discussed above. It is

likely that these qprings do not have much communication with the more porous rocks and

colluvium of the upper North Hom Formation.

Investigation of groundwater and surface-water
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4.1.3 North Hom Formation Sprin5

Dschargehydrographs (Figures 7l ttrough 7v) are available for 1l qprings ttrat discharge

from the North Hom Formation in the study area. These springs include 16-7-12-6, 16-8-5-1,

16-8-6-1, SMH-4, SMH-2, SMH-I, FBC-6A, FBC-6B, FBC-7, FBC-8, and SMH-3. All of

these springs show lmge seasonal variations in discharge rate, with all but two of the North

Hom Formation qprings having a maximum flow at least l0 times the minimum mea.surod

flow. Marimum discharge rates are typically measured during June or July shortly after the

peak of the annual snowmelt event. However, only three of the North Horn Formation

springs have ever been obs€rved to be completely dry. Most of the North Hom Formation

springs monitored in the area appear to have a baseflow component that is less than l-2 gpm.

This information zuggests ttrat 1) Norttr Hom Formation qprings are principally rechargd by

the annual snowmelt event, 2) groundwater storage volumes are small relative to the ability

of the formation to tansmit watetr, 3) widely scattered sandstone channels and colluvium of

the North Hom Formation facilitate some storage and delayed release of recharge water

throughout much of the year, and 4) North Horn Formation groundwater systems are not part

of a regional groundwater system.

Because of the small storage capacities of North Hom Formation groundwater systems,

springs discharging from the North Hom Formation are very sensitive to changes in climate.

There is generally good correlation between spring discharge hydrographs and the plot of the

PIIDI (Figure 3) for the region. During periods of extended drought, the discharge rates of

most springs discharging from the Norlh Hom are expected to decline dramatically. Many

Investigation of groundwater and surface-water
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qprings may c€ase flowing entirely after the colluvial material and sandstone rocks ttrat

support the springs have completely drained.

4.1,4 Price River Formation Springs

A discharge hydrograph (Figure 7w) is available for only one spring (FBC-9) in the Price

River Formation in the study area. This qpring, and one ottrer spring for which discharge data

are not available (FBC-3), are located in the Trail Canyon drainage. On a single occasion in

August I99I, a large discharge (greater than 20 pm) was measured at FBC-9. However, on

all six subsequent monitoring events ttre spring was dry or discharged only about 1 gm. The

great variabillty in the discharge rate at this spring suggests that the groundwater system

which supports this spring is small, and that the storage capacity of this systern is small

relative to the rate at which goundwater can discharge from ttre system. Thus, this

groundwater system is not part of a large regional system.

Generally, the lack of qprings in the Price River Formation suggests a lack of hydraulic

communication between higher elevation groundwater recharge areas on the Flagstaff

Limestone and North Hom Formation and the rocks of the Price River Formation.

4.1.5 Blackhawk Formation springs

Groundwater discharge from the Blackhawk Formation (excluding water encountered in the

mine) is limited to outcrop areas in the southem half of the study area. Spring discharge

hydrographs @igures 7x through 7aa) are available for four springs that discharge from the

lower Blackhawk Formation in the study area. These include springs 16-s-8-5, CS- l, TS- 1,

Investigation of groundwater and surface-water 36
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and FBC-II. Each of these qprings shows large seasonal fluctuations in discharge rates, with

the maximurn dischmge commonly exceeding the minimum dischrge by several times.

The R-value (6.0%) of groundwater discharge from the Blackhawk Formation indicates that

the baseflow component of qprings in the Blackhawk Formation is small relative to higlr-flow

discharge rates. The fact that there is a 94% decrea.se betrveen the maximum and minimum

discharges zuggests that the Blackhawk Formation systems from which the

springs discharge are generally small, local groundwater systems that are highly dependent

on seasonal recharge. This suggests that the Blackhawk Formation groundwater discharging

along the southeastem margins of the study area has not migrated deep beneath the highlands

of Gentry Mountain. Rather, these groundwater systems are likely shallowly<irculating

systems with both recharge areas and discharge areas occurring in the southeast portion of the

studv area.

4.1.6 Star Point Sandstone Springs

Relatively few springs issue from the Star Point Sandstone in the study area. Four Star Point

Sandstone springs have been monitored by C.W. Mining. These include BPI and SBC-14,

which issue from the Spring Canyon Sandstone, and Big Bear Spring (SBC-4) and Birch

Spring (SBC-5) which issue from the Panther Sandstone. Two other Star Point Sandstone

springs, Defa #l andDefa #2,have also been identified in lower Bear Canyon. These qprings

dischmge from the Storrs and Panther sandstones, respectively. The discharge hydrogaphs

for BPI and SBC-14 are shown in Figures 7bb and 7cc. The discharge hydrograph of Big

Bear Spring is shown in Figure 8 and the hydrograph of Birch Spring is shown in Figure 9.
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In the vicimty of the Bear Canyon Mine, and throughout the Wasatch Plateau, groundwater

discharge from the Star Point Sandstone generally occurs from faults and frachres.

Significant goundwater discharge from diffuse flow from the Star Point Sandstone is rare.

This is because the relatively low primary porosity of the sandstone rock is generally many

orders of magnitude less than the secondary porosity associatod with the fracture systems.

Where diffi.rse discharge from the sandstone does occur, these discharges are commonly

limited to small seeps.

Spring BP- 1 from the Sptitrg Canyon Sandstone discharges small quantities of groundwater

(less than 1 gpm) and has seasonal variations in discharge, suggesting that it is related to a

local groundwater system. Spring SBC-14 also discharges from the Spring Canyon

Sandstone. The discharge from this spring varies from 0.5 to 15 gpm, suggesting that it is

highly influenced by seasonal precipitation and is not derived from deeper, bedrock-derived

groundwater sources.

Groundwater discharge from the Panther Sandstone is anomalous in that it is not as

influenced by seasonal groundwater recharge events or by climatic variations to the extent

that discharge from each of the other geologic units is. The R-value for the Panther

Sandstone (47.8%) indicates that nearly half of the high-flow maximum discharge may

persist throughout the year.
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Big Bear Sprtng and Birch Sp..g are of particular significance in this investigation because

they are important culinry water supplies to adjacent municipalities. The dischage

characteristics of these two springs are discussed below.

Big Bear Spring (SBC-4)

Big Bear Spring discharges from a set of frachues near the base of the Panther Sandstone.

Marimum historic flows at Big Bear Spnng have exceeded 350 pm uftile a baseflow of

approximately 100 gpm has persisted even during periods of prolonged drought.

Discharge data are collected by the Castle Valley Special Service Dstict. The distict's data

@ersonal Communication, Darrel Leamaster, 1998, 1999) are plotted on Figure 8 and are

tabulated in Appendix A. The hydrograph of Big Bear Spring (Figure 8) shows prominent

seasonal discharge peala from 1980 through 1986. Figure 8 also shows a gaph of the PHDI

for Utah Region 5. The first large peak indicated by the data occurred in 1980, the first wet

year, following a severe regional drought during the late 1970s. Large discharge peaks were

measured in each year from 1983 through 1986. These peaks correspond to an intense wet

period that the region experienced during that time. That large seasonal discharge peaks are

seen in the data intimate that these peak discharges are likely supported by a local

groundwater system (i.e. a systern with a short flow path from recharge area to discharge area

and a small storage volume).

Peak discharges ended and a gradual diminution in flow began about 1987. These events

conelate with the onset of a major regional drought in the late 1980s (Figure 8). The gradual
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flow recession continued until about 1990 when ttre spring discharge rate somewhat

stabilized betrveen 100 and 120 gpm. This approximate baseflow rate persisted throughout

the rernainder of the drought period (1990-1 993) and beyond. That such a large and fairly

stable baseflow mmponent was sustained tlnough the drought periods suggests that a more

extensive (longer flow path) and/or more buffered (larger storage) groundwater system

supports the baseflo1ry component than supports the seasonal peak.

The region began to experience a moderate wet cycle starting n 1993 and continuing to the

present. Despite the wetter climatic cycle, the large seasonal peak discharges that previously

occurred have not been observed at Big Bear Spring. However, starting in about 1993, much

smaller seasonal peaks in discharge began to occur. These peaks are somewhat muted (i.e.,

the peaks on the discharge hydrograph are not as sharp or as high) relative to those occurring

before 1986. Additionally, whereas the seasonal peaks in discharge rate at Big Bear Spring

before 1986 commonly occurred in June or early July, the yearly peaks after 1993 have

occurred in the fall months (September to November). The relationship between the small

seasonal peaks now observed and the large seasonal peaks observed previously is uncertain.

It seems unlikely that the recent lack of seasonal discharge peaks from Big Bear Spring is a

delayed response to drought conditions. As indicated on Figure 8, a large discharge peak

occurred during the first wet yem (1980) following the drought of the late 1970s, indicating

that peak discharges should have retumed during the first wet year following the drought of

the late 1980s. The likely explanation for the lack of large seasonal peaks is that the water

that once supported the sharp yearly peaks has been diverted to another location because of
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some physical change at some point in the groundwater system. This change could have

been caused by a number of factors including natural changes, catastrophic events (zuch as

the earthquake that occurred on 14 August 1988), or mining-relatod activities. A more

detaild examination of the cause of the loss of large seasonal peak discharges is presented in

Section 8.1, following the presentation of solute and isotopic data in zubsequent sections.

Birch Spring (SBC-1)

Birch Spring discharges from a fracture zone ne*rr the base of the Panther Sandstone in lower

Huntington Canyon. Dscrete discharge occurs from several individual fractures and diffiise

discharge occurs along a sapping front at the base of the Panther Sandstone. Spring boxes

have been constructed around the water-bearing fractures and a french-drain-like system

collects diftse flow. Since the spring was first developed in the 1970s, it has been necessary

on several occasions to excavate and rework the collection system due to decreasing flows

resulting from plugging in the system (Informal Conference, 1997).

There are three sets of discharge data for Birch Spring. During 1978-19, the USGS

(Danielson and others, 198 1) made measurements of spring discharge (labeled by the USGS

as (D-16-6) 26BCA-Sl). The Star Point Mine MRP (1996) reports spring discharge data for

the period 1985 to 1997.It is reported (UDOGM, 1998) that these data were obtained by

Star Point Mine personnel from an individual who worked for NEWUA but that these data

are not available through NEWUA. The third set of data is that on file at NEWUA and was

obtained by C.W. Mining. The USGS data may be incongruous with the latter data because

of redevelopment of the spring in 1980 and 1984. The Star Point Mine and the NEWUA data
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do not agree between about 1986 and 1991. Because discharge data are irreconcilable and

possibly , it is prudent to use caution when interpreting the discharge data from

Birch Spring. Nevertheless, all thlee sets of data ale plotted on Figure 9 and are tabulated in

Appendix A. Also shown on Figure 9 is the PHDI for Utatr Region 5.

The first available discharge measurements were made in 1978 and 1979, at the end of a

major regional drought. The measurements made during 1978 showed little seasonal

variation and ranged from 19-23 gpm. The discharge reported for June and July 1979 are

about half (9-10 gpm) of the discharge observed n 1978. Dwing August through October

1979, discharge (19-2 I gpm) was comparable to that observed in 1978. Because there is

consistency in all of the 1978 discharge measurements and the latter 1979 measurements, we

suspect that the early 1979 data is questionable. This is important because if the early 1979

measurements are excluded, the data indicate a constant baseflow of about 20 gpm. Because

this occured dtring a drought cycle, this baseflow is likely being derived from an extensive

groundwater systan.

Discharge measurements are not reported in any data set between 1980 and 1985. The Star

Point Mine MRP data begin in January 1985. Monthly measurements in the Star Point data

are constant (81-89 gpm) between January 1985 and July 1988. This time period

corresponds to the end of the wet cycle of the early to middle 1980s and the onset of the

drought of the late 1980s. That these data show no fluctuations either due to season or an

abrupt shift in climatic pattems is suggestive of baseflow discharge and lack of
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communication wittr nearby recharge areas. Three data points in the NEWUA data during

this time show fluctuations betrveen 30 and 70 gpm, a possible seasonal influence.

The Star Point Mine MRP data show an abrupt increase in the discharge rate of Birch Spring

in August 1988. The timing of the abrupt increase in discharge correlates with the

ocqrrence of a magnitude 5.3 earthquake that occurred in the San Rafael area on August 14,

1988 (Stm Point MRP, 1996). Shortly following the earthquake, discharge measured in

Birch Spring rose from 81 gpm to 133 gpm. By ttre begnntng of 1989, discharge rates at

Birch Spring had retumed to near pre-earthquake levels. A similar discharge increase at this

time is reported (Star Point MRP, 1996) for the free-flowing Tie Fork Wells located on

Gentry Mountain immediately north of the study area These wells are completed in a

fractwe zone in the Spring Canyon Sandstone. Thus, it seems likely that the fracture system

from which Birch Spring discharges was impacted in some way by the 1988

The Star Point Mine MRP data indicate that following the abrupt peak associated with the

1988 earthquake, discharge rates at Birch Sprrng fluctuated significantly until late 1990 and

included a four month period (October 1989-January 1990) when the reported discharge was

230 gpm. Du.ing this time the NEWUA data show a discharge of 100 gpm. Although there

are no apparent explanations for the previous disagreements between the Star Point MRP and

NEWUA data this discrepancy may be a function of how the measurements were taken. Mr.

Jack Stoyanoff of NEWUA explained at the Informal Conference (1997) that when this peak

dischmge occuned there was also groundwater discharge from the cliff areas above the

spring and water flowing in the epherneral stream near the spring. Stoyanoff noted that the
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flow in the stream was 120 gm and the flow in the qpnng box had increasod from 40 gpm to

about 110 gpm. The sum of these flows is 230 gpm, the value reported in the Star Point

N{ine MRP data. This suggests that the discharge in the NEWUA data set (100 gpm) is likely

the flow from the spnng boxes only and that the Star Point MRP data may include both the

discharge from the qpring collection system and the cliff faces.

The cause of the large increase in discharge is not known and has been the subject of

protracted scrutiny. That the increased discharge observed in 1989 and 1990 occur during the

middle of the drought of the late 1980s and early 1990s, suggests that the increase is not

climate related.

A flow meter was installed in the Birch Spring collection system in 1991 and after this time,

the Star Point Mine MRP and the NEWUA data are in good agreement. These data indicate a

slow steady decline from about 34 gpm in January 1991 to 15.5 gpm in August 1998. During

this time, qpring discharge data do not show indications of either seasonal or climatic

influence. As shown on Figure 9, the drought period ended in 1993 and the region has

generally had wet conditions since that time. In September 1998, part of the spring collection

system was unearthed and the spring boxes were exposed. The combined discharge from the

exposed spring boxes and the unearthed portion of the system was 25 gpm @ersonal

Communication, C. Reynolds, 1999), indicating that plugging of the pipes in the qpring

collection system is partially responsible for decreased spring flow. It is suspected that part

of the decreased discharge from Birch Spring is athibutable to diversion of water to nearby

areas. Groundwater seeps below Birch Spring (between Highway 33 and Huntington Creek)
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are reported @ersonal Communication, C. Reynolds, 1998) to be flowing only recently. At

least one of these seeps has a stable isotopic atrnity for water discharging from Birch Sp.ing

(Section 5.4). This zuggests the possibillty that ttre present water collection system at Birch

Spnng is not capturing all of the discharge from the area-

The fact that recent discharge fiom Birch Spring does not show significant seasonal variation

suggesb that the groundwater system from which the spring originates is a largg buffered

groundwater system. The radiocarbon age of the groundwater discharging from Birch Spring

(Section 5.3) is 1,700 to 3,600 years ol4 indicating that eitho groundwater tavel times are

slow or the distances from recharge area to discharge .rea are large. The tritium contents of

water discharging from Birch Sp.ing are low (0.35-l .12 TtD suggesting that the groundwater

systern ttrat zupplies Birch Spring is for the most part hydraulically isolated from the surface.

Gven these two conditions, groundwater that mntains little titium and has antiquity, we

expect that discharge from this groundwater system woul4 over time, have a constant

baseflow component. Although the data are ambiguous, two baseflow rates are suggested by

the data. First, the USGS data from 1978-1919 suggest a baseflow of about 20 pm.

Following redevelopment in 1984, discharge, according to the NEWUA dat4 was 30 gpm in

Septenrber 1986. Following the installation of the in-line flow meter in 1991, the initial

discharge was 33 gm. After part of the spring collection system was unearthed in 1998, a

flow of 25 gpm was measured. These data suggest that the baseflow discharge is about 20-30

gpm. Fluctuations from this likely arise from collection difficulties. Secon4 the Star Point
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Mine MRP data zuggest a baseflow component of about 80 gpm. The relationship between

these two apparent baseflow discharge rates is uncertain.

Possible relationships betrveen mining at the Bear Canyon Mine and the fluctuations in flow

seen at Birch Spring are examined in Section 8.2, following the presentation of solute and

isotopic data in subsoquent sections.

4.2 In-mine groundwater occurrence

The mode of occurrence of grotrndwater in the Bear Canyon Mine and in the mines on

Genty Mountain immediately norftr of the study area (the Star Point Mine and the Hiawatha

Complex) provides insight into the nature of groundwater systems of the Blackhawk

Formation deep within Genty Moturtain. A brief history of the encoturtering of groundwater

during mining operations is presented below.

4.2.1 Bear Canyon Mine

Mining at the Bear Canyon Mine began n 1982. Three seams are mined at the Bear Canyon

Mine. Inflows to each of these seams are described below. Discharge hydrographs for

significant groundwater inflows in ttre Bear Canyon Mine are presented in Figure 10. The

monitoring locations of mine inflows in the Bear Canyon Mine are shown on Figures 11 a

throueh 11 c.
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Blind Canyon Seam workings

Prior to mining in ttre Blind Canyon Seam, natural goundwater discharge from ttre

Blackhawk Fonuation occuned at a spring (SBC-7) near the mine entrance. The discharge

hydrograph for SBC-7 is presented in Figure I Oa. The first recorded flow measurement at

SBC-7 was taken in March of 1988 at 18 gm. The discharge at SBC-7 did not display

significant seasonal variation, varying by only about I gpm. By September 1988, the flow

had dropped to 14 gpm. Discharge at SBC-7 continued to decline until the spring ceased

flowing entirely by February of 190.

The first significant groundwater encountered in the Blind Canyon workings was at SBC-8 in

the East Bleeder section (Figure I la). SBC-8 originated from ttre mine roof and discharged

at approximately 18 to 2l gm Oigure 10b). During 1988 and 1989, the total groundwater

discharge from the mine workings consisted of SBC-7 (18 gpm) and SBC-8 (18-21 gpm) for

a combined discharge of approximately 40 gm.

kr August 1989, as mining progressed northward in the Blind Canyon Seam, mining

operations approached the margins of a large sandstone channel in the mine roof. By

November 1989, large roof drips began to be encountered in the mine roof. In August 1989

the discharge at SBC-8 dropped to 12 gpm, and by February 1990, both SBC-7 and SBC-8

had gone dry. The fact that both SBC-7 and SBC-8 went dry shortly after the sandstone

channel was drained or depressurized suggests that some of the groundwater at SBC-7 and

SBC-8 was hkely related to the groundwater in the sandstone channel.
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Because of poor coal quality in the vicinity of the sandstone channel, mining was not

continuous in the area Rather, as coal market conditions fluctuatod it was periodically

economicaliy feasible tbr coal mining operations to retum to the sandstone charurel area-

Thus, lateral coal mining advances toward the sardstone channel occurred on several

occasions. Groundwater from saturated river-bank deposits on the margins of the sandstone

channel was first encountered in the mine roof 1,400 feet latemlly from the main channel.

When mining operations advanced laterally toward the sandstone channel, wate,r would drip

from the mine roof However, these roof drips commonly dried up rapidly after they were

first encountered. Typically, after mining had advanced about two cross cuts from a water

inflow, flow from the roof drips would completely cease behind mining operations.

The fact that the discharge from the roof drips near the sandstone channel at SBC-9 declined

rapidly, and eventually ceased ottirely, suggests that ttre groundwater systems from which

the discharge occurred are not in good hydraulic connection with recharge areas at the

surface. This also zuggests that the groundwater is not part of a large, continuous aquifer.

The discharge hydrograph for SBC-9 is presented in Figure 10c. The first flow measurement

taken at SBC-9 (the sandstone channel) was in February 1990. A flow of 120 gpm was

measured at that time. Subsequent measurements taken between 1991 and 1994 ndicate that

the discharge from the channel fluctuated substantially during that time. The rapid increases

in the discharge rate from SBC-9 correlate with the timing of mining advances into ttre

sandstone channel. When mine workings first intersected the sandstone channel, water was

rapidly drained from the charurel. Most of the water emanated from roof bolt holes and from
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fiactures in tre mine roof, When mining in an area c€ased the flow from the area gradually

declined Thus the fluctuations in ttre discharge from SBC-9 between 1991 and 1994 are

more the result of variability in nrining oirerations than a result of c<nditiorn in the channel

itself

Since about 194, the flow from the sandstone channel at SBC-9 has steadily declined. The

steady decline zuggests that the sandstone channel is gradually being drained. From the

initial encounter of the sandstone channel in August 1989 until late April 1993, groundwater

inflows to mine workings occuned pnmarily from river-bank deposits associated wittr ttre

sandstone channel in the mine roof. On 27 April 1993, mine workings intersected the main

body of the sandstone channel. The presence of the sandstone channel precluded further

mining development to the north.

During 1991, as mining in the Blind Canyon Seam progressed in the 2nd East North section

east of SBC-9 (Figure 1 la), water was encountered in a segment of the same sandstone

channel from which SBC-9 discharges. Initial inflows at this site (known as SBC-10) were

approximately 250 grm. The discharge hydrograph for SBC- 10 is shown on Figure 10d. It

is likely that the portion of the sandstone channel from which SBC-10 originates is isolated

from the main channel at SBC-9. When the discharge from SBC-10 occurred, the discharge

at SBC-9 was not impacted. By 1993, the discharge from SBC- 10 had declined to about 40

gpm. By October 1994, the discharge had diminished to approximately 20 gpm. The site

became inaccessible after May 1995. In 1997,water began to discharge from the gob area at

the head of the lst East section. This source is identified as SBC-13 (Figure I la). It is
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believed ttrat the water at SBC-13 is water from SBC-10 that has filled the gob area and is

now spilling out the top of the system @ersonal Communication, C. Reynolds, 1999). The

discharge from SBC-13 (which averages approximately 20 pm) is similar to that which was

discharging from SBC-10 before it became inaccessible.

An analysis of historic mine water discharge rates at the Bear Canyon Mine suggests that the

mine has not intercepted a large continuous aquifer system, or a system which receives

constant recharge from overlying horizons. Historic mine water discharge rates are plotted

against the cumulative tons of coal mined at the Bear Canyon Mine in Figure 12. The

cumulative tons of coal mined is used as a surrogate for ttre total open volume of the mine. If

the mine workings intercepted a large aquifer system or a zone of constant recharge, it would

be anticipated that the mine water discharge would increase in proportion to the size of the

mine workings. For example, a large diameter well with a long well screen will produce

more water ttran a small diameter well with a short well screen. That this is not the case

suggests that the mine has intercepted a series of perched groundwater systons that are

isolated from recharge areas. Because there is little recharge to the perched systems, they are

rapidly drained and the discharge ceases.

Tank Seam workings

The mine workings in the Tank Seam are dry and dusty in almost all locations where it has

been mined, and it is necessary to import water for dust suppression. However, groundwater

has been encountered in a few locations in the Tank Seam workings. In one isolated location,

a small groundwater inflow of approximately 0.5 gpm occrilred from a sandstone charurel in
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the Tank Seam workings. However, after a few months this inflow driod up. During ttre

springtime months, a small inflow into the Norlh Mains section of the Tank

Seam mine occurred. The inflow, which was estimated at less than 10 to 15 gpm, occurred

adjacent to a fault in an area that had recently been subsided as a result of mining in the

underlying Blind Canyon Seam. The water leakd into the mine in a location that was not

accessible. A small zump tilled in the qpringtime months, ttren drained out in the summer

and fall months. This seasonal inflow pattem is likely related to the fact that the Tank Seam

was being mined after the underlying Blind Canyon Seam had been mined and subsided (i.e.

mining was occurring in the zone impactd by subsidence-related, upwardly-propagating

fractures). During 1999, ttre inflow into ttre North Mains section did not occur. This

zuggests that the zubsidence-induced fractures have been filled with sediment or with

swelling clays and are no longer conduits to groundwater flow. The fact that more than 99%o

of the total mined area in the Tank Seam was completely dry when it was mined indicates

that there is no widespread downward migration of groundwater through the Tank Seam that

could be recharging underlying groundwater formations.

A small roof drip in the North Bleeder of the Tank Seam was sampled as part of this

investigation (T.S. North Bleeder; Figure 1 lb). This roof drip discharged about 0.5 gpm

from small sandstone channel in the roof. This inflow dried up several months after it was

encountered.
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Hiawatha Seam workings

During mining operations in the Hiawalha Seam (the lowest coal seam), individual

groundwater inilows never exceeded about five gailons per minute. Inciividual sources dried-

up shortly after being e,ncountered in *re mine. A single sample was collected from SBC-ll,

a groundrvater inflow in the Hiawatha Seam, which had a flow rate of approximate$ 5 gpm.

This location is adjacent to well DH-l 4, which is completed in the Spring Canyon

Sandstone, which directly underlies the Hiawatha Seam in the region. The water level in

DH-IA was approximately five feet below the elevation of the coal seam. This zuggests that,

as mining progresses northward, the mine workings may p.rss below the local pressure

surface on the Sp.itrg Canyon Sandstone, and upwelling of growrdwater ttrough the mine

floor may occur.

4.2.2 Hiawatha Complex

The Hiawatha Complex, located immediately norttr of the Mohrland are4 includes ttre

workings of the Blacklrawk, Mohrland, Hiawath4 and King mines. Many of these workings

are interconnected and groundwater discharges from this complex to the surface via ttre

Mohrland (Krng No. 2) Portal, the downdip end of the complex. Limited ffirmation

regarding the groundwater occurrence in these workings is contained in the Hiawatha Coal

Company MRP (1992). In this permit it is noted that large groundwater inflows to mine

workings in ttre past have occurred where mine working have encountered the Bear Canyon

Fault and that discharge from the fault probably accounts for most of the water presently

being discharged from the Mohrland Portal.

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands

59 25 June 2001



Mayo snd Assoclolcs, LC

In the King No. 4 Mine, a western development encountered ttre Bear Canyon Fault and an

inflow of approximately 100 gpm occunod from the floor of the mine. In the King No. 4

Mine, water has also been observed draining li'om the roof near the portal during years of

high sp.i"g runoff. No information is fotmd in the Hiawatha MRP (1992) to indicate whether

the discharge rate of inflows to the King No. 4 Mine declined over time.

At one time, water which accumulated in the Blackhawk Mine was pumd to the portal and

discharged. Dscharge of water from the portal ended when bulkheads were broken in the

mine and water was diverted to the Mohrland Portal. Recantly, Hiawatha evaluated the

possibility of diverting the discharge from the Blackfiawk Mine from the Mohrland Portal to

the Blackhawk Portal @ersonal Communication, C. Reynolds, 1999). However, it was found

in the old workings that groundwater discharge from the Blackhawk Mine workings is now

just a trickle.

4.2.3 Star Point Mine

The Star Point Mine workings are north and east of the study area. Information about

groundwater inflows to these workings are reported in the Star Point Mine MRP (1996). It is

reported that east of Gentry Ridge, much of the mine inflow water discharges from sandstone

paleochannels. These inflows may initially be large (greater than 5 gpm) but drop off

rapidly. Larger mine inflows (20-100 gpm) were generally associated with the westem

boundary fault of the Gentry Ridge Horst.

Investigation of groundwater and surface-water
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43 Potentiometric data

Cross srctions have been previously constucted (EarthFax, 1997) showing potentiometic

surtaces for each of the three members of the Star Point Sandstone in the vicinitv of the Bear

Canyon Mine @gures l3a and 13b). These maps are based on water level information from

wells (Appendix A) in and adjacent to the mine permit area and on the locations of springs.

Generally, it has been our experience in the Wasatch Plateau coal field that these maps are of

limitd value because of the lateral discontinuity of groundwater systems. However, in the

relatively small region of the Bear Canyon Mine, the potentiometic surface maps may be

representative of actual conditions in the members of the Star Point Sandstone.

As discussed in Section 4.1.6, groundwater flow in the Star Point Sandstone occurs primarily

in fractures. A lesser amount of flow occurs in the intergranular spac€s of the sandstone.

Therefore, in interpreting the potentiomefic surface maps, it is necessary to understand

whether the Star Point Sandstone wells used as control points ile re,presentative of conditions

in the fracture system or the diffi:se, intergranular systan. It is unknown whether the wells

used as control points encounterod significant, water-bearing fiactures or whether they

encountered only unfractured sandstone. Because this is unknown, there is some arnbiguity

in the interpretation of the potentiometric surface maps. However, some important

conclusions can be made based on these maps.

First, the fact that distinct pressure zurfaces exist in each of the members of the Star Point

Sandstone zuggests that there is not significant hydraulic communication betweeir the

sandstone members. If groundwater w€re leaking downwmd in significant quantities across

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands
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the mernbers of the Star Point Sandstone and the formation as a whole was acting as a single

aquifer in good communication wittr the surface (i.e. an unconfined system), it would be

anticipated that there would be pressure equalization between all three members.

Second, the hydraulic gradients of the three mernbers of the Star Point Sandsone in the

vicinity of the mine zuggest that groundwater flow is primmily horizontal beneath the mine

arca. In each mernber, the slope of the potentiomehic surface is such that the hydraulic head

is greatest in the north and declines toward the south, where the members are exposed at the

surface. This suggests that flow is predominantly horizontal, from the north toward the

south. This is consistent with anticipated groundwater flow characteristics in interbedded

highet permeability and lower permeability rocks. In the rock sequence of the Wasatch

Plateau, horizontal hydraulic conductivity commonly exceeds the vertical hydraulic

conductivity by one or more orders of magnitude.

The ages of groundwaters (Section 5.3) in the Blackhawk Formation and Star Point

Sandstone in the vicinity of the mine also support the idea that groundwater flow in these two

formations is predominantly horizontal. Groundwater discharging from the sandstone

channel in Blind Canyon Seam, which makes up approximately 95Yo of the total discharge

from the mine, is approximately 1,500 years old. Groundwater in the underlying Spring

Canyon Sandstone sampled from DH-2, approximately 2,200 feet south (down-gradient) of

the sandstone channel is only about 1,000 years old. This suggests that there is not vertical

communication between these two systerns. If this were the case, groundwater atDH-2

would be expected to be older than that at the sandstone channel.

Investigation of groundwater and surface-water
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Analysis of the water level hydrogrryhs for the four wells complefed in the Spnng Canyon

Sandstone directly beneattr the Bear Canyon Mine indicates that groundwater systems there

are not influenced by seasonal recharge. Water level hydrogaphs for the four in-mine

piezometers in the Star Point Sandstone are shown in Figure 14. Three of the wells @H-l A"

DH-3, and DH4) show relatively stable or slightly increasing water lwels through time,

rryhile DH-2 shows a sligfrtly declining tend- Because no significant quantities of

groundwater have been removed from the Star Point Sandstone, it is highly wrlikely that the

responses in the Star Point Sandstone wells are the result of the extaction of water from the

formation. Rather, we suspect that these responses are more likely the result of the

redistribution of sfesses and confining pressures on the Star Point Sandstone resulting from

mining activities in the overlying Blackhawk Formation.

Investigation of groundwater and surface-waler
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5.0 SOLUTE Ai\D ISOTOPE CIIEMISTRY

Analysis of the solute and isotopic compositions and concentations of waters in ttre study

area is helpful in understanding the interrelationships betrveor groundwater systems.

5.1 Explanation of chemical reporting units and tems

Reporting unib are millignms per liter (mdl) and milliequivalents per liter (meq/l) for ionic

solutes and per mil (Z0o) for stable isotopes. Stable isotopic reference standards are Standard

Mean Oceanic Water (SMOW) for 62H and 6180, and Pee Dee Formation Belernnite @DB)

for 6'3C. The radiogenic isotope 'nC is reported relative to percent modern (1950) carbon

(pmc), and the radiogenic isotope 3H is reported in fitium units (TU). One TU is equivalent

to 3.2 pCi/l (pica-Curies per liter).

In addition to the familiar mg/l concentration unit, laboratory solute data have been converted

to meq/l for analysis and reporting purposes. The meq/l unit allows direct comparison of

reacting concentrations of cations and anions. Conversion factors between meq/l and mgll

for major ions follow:

meq/l me/l

C*. I 20. o

Mgt* | 12.2

Na* I 23. o

K I 39.1

HCO3- I 61.0

Soo'- I 4g, o

cf I 35,5

Investigation of groundwater and surface-water
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From ttre conversion factors it is apparent that heavy anion molecules such as SOn2 and

HCO,- confibute diqproportionately to TDS relative to their reacting cation counterparts,

such as Ca2*.

The stable isotopic composition of a sample is reported as the per mil (Zoo) difference of the

sample relative to the isotopic composition of a standard using the delta (6) notation defined

AS:

6-
(Rro 

ot, - Rrtondora)
xl000 (%oo)

(R,r*,0)

where R: rEO l'oO,2WtH,"Cl2C,and 3oS/32S. The 6 notation is reported in terms of the

heavy isotope in the ratio R 1i.e., 6r3C for t3C/'2C).

A summary of the application of isotopic methods to hydrogeologic investigations is

included as Appendix C. Readers who are not familiar with the use of isotopes in

hydrogeologic investigations are encouraged to read Appendix C prior to proceeding with the

remainder of this report.

5.2 Solute chemistrv

5.2.1 Chemical ..u*ton.

Solute compositions of groundwaters are the result of interactions between groundwaters and

bedrock lithologies and between groundwaters and atmospheric and soil gases. The general

reactions responsible for the chemical evolution of groundwaters in the study and adjacurt

areas are described below.

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands

68 25 June 2001



Mayo and lg,scclolct, lC

Groundwater acquires most of its CO,,,, in the soil zone where the partial pressure of CO,

greatly exceeds aftnoqpheric levels. This CO, combines with water to form carbonic acid

according to

C0,,,, + HrO= H2CO3.

Cartonic acid dissociates into H* and HCO; as

(l)

HrCOr=HC0,+H*.

The H* ions temporarily decrease the pH of the water but are quickly consumed by ttre

dissolution of carbonate minerals that are abundant in the soil zone and in most aquifers.

Carbonate mineral dissolution is represented as

ZHr + CaMg(COr)z: Ca2* 1Mg'* + 2HCO;, and
(dolomite)

H*+CaCOr:Ca2*+HCO;.
(calcite)

lnvestigation of groundwater and surface-water

systems in the C.W. Mining Company
coal leases and fee lands

(2)

(3)

(4)

The net effect of reactions 2 through 4 is to increase the pH and the Ca}, Mg2*, and HCOI

contents of waters. Dssolution of grpsum, which is present in many formations in the

reglon, can elevate the Ca'* and SOn2- contents in the absence of additional CO,,,, and H*

according to

CaSOn.2HrO : Ca2'+ SO42- + 2HrO.
(gWsum)

Elevated Na' concentations may result from either the dissolution of halite or from ion

exchange on clay particles or on sodium zeolites. Halite dissolution will increase the overall

solute concentation (i.e. TDS) and will yield equal Na* and Cl' contents when the solute

compositions are reported in meq/l units. Ion exchange will not directly elevate the overall

(5)
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solute content, but will result in inqeased Na* concentrations at the exp€nse of reduced Ca2*

and/or Mg2* concenffations. Halite dissolution may be represented as

NaCl: Na'+ Cl-.

and ion exchange may be by reactions involving the sodium

2NaAlSirou.HrO + Ctr: Ca(AlSirOu)r.HrO + 2Na*, and

(6)

zeolite analcime,

(7)

(8)

(e)

(10)

2NaAlSi2Ou.HrO + Mtr : Mg(AlSirOu)r.H,O * 2Na*,

or clay mineral exchange which may be represented as

Ca2* + Na-claY: 2Na* t Ca-claY, and

Mgt* + Na-clay: 2Na* + Mg-clay.

5.2,2 Solute compositions

The mean solute concentrations of creels, springs, wells, and in-mine sources are reported in

Table 3 and illusfiated as Stiff diagrams in Figrne 1.5. Locations of these sampling sites are

shown on Figure 1. Lr the calculation of mean solute composition, all analyses that had

cation-anion error balances greater than l5%o (Appendix A) were excluded.

The solute concentrations of waters in the Flagstaff Limestone, North Hom Formation, and

Price River Formation are very similar. The mean TDS concentrations of each of these

groups are not distinguishable using a twotailed t-test analysis. Groundwaters from these

formations are generally calcium-bicarbonate or calcium-magnesium-bicarbonate type

waters. The mean TDS concentration of these waters is about 300 mg/l (Table 3). The solute

concentration of these waters is a result of the dissolution of carbonate minerals in the soil

zone and aquifer matix.

lnvestigation of groundwater and surface-water
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The solute composition and concentration of North Hom Formation spring FBC-6A ;.

zubstantially different than the remainder of the qprings in the upper formations. Water from

FBC-6A is a magnesitun-calcium-bicarbonate-sulfate type water with a mean TDS

concentration of 1,361 mg/l. The chemical composition of this water indicates the

dissolution of cartonate minerals and glrpsum. That this water discharges near the discharge

location of SMH-I, a low-TDS calcium-bicarbonate water, suggests that groundwater

discharging from the North Hom Formation is not supported by a large aquifer system, but

instead by a ntrnber of small, localized systems that are not in 9996 hydraulic

commurication with each other.

With the exception of t'wo springs, groundwaters that discharge from springs in the

Blacktrawk Formation are similar to waters in the overlying formations. These waters are

calcium-bicarbonate tlpe waters with a mean TDS concentation of 3 19 mgll (Table 3).

Two waters with distinctive solute composition discharge near the base of the Blackhawk

Formation in Bear Canyon just east of the trace of the Bear Canyon Fault. These waters, 16-

7-24-3 and SBC-17, are magnesium-sulfate waters with elevated TDS (mean about 1,450

mgl} Similar solute compositions are found in water of the Star Point Sandstone (SBC-14)

and in the Bear Canyon alluvial sediments (well SBC-3), which are derived from the Mancos

Shale. SBC-14 and SBC-3 are also located in Bear Canyon immediately to the east of the

Bear Canyon Fault. The evolution of this distinctive solute composition is problematic, and

the mineralogy of the rocks that conftibuted to this solute composition is unknown.
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Magnesium sulfate (epsomrte) is not a cornmon evaporite mineral but may be associated with

these marine rocks.

Groundwater inflows to the Bear Canyon Mine, to bottr the Blind Canyon Seam and ttre Tank

Seam, are calcium-magnesium-bicarbonate q/pe waters wittr mean TDS of 345 mg/l (Table 3;

Figure 15). Waters of the Spring Canyon Sandstone below the workings of the Bear Canyon

mine @H-2, DH-3, and DH4) and water discharging from Big Bear Spring have nearly

identical chemical compositions to those waters encountered in the Blind Canyon Seam and

Tank Seam workings. We attribute the similar solute compositions and concenbations in

mine inflow wate,rs, the Spring Canyon Sandstone, and Big Bear Spring to similar

geochernical evolutionary pathways. However, taken alone, these data might suggest that

these waters are in hydraulic communication with each other. One indication that ttrese

waters are not in hydraulic communication is the solute composition of well DH- lA. This

well is completed in the Spring Canyon Sandstone and is located only 1,500 feet from DH-3.

Water from this well has a much greater sulfate concentration (124 mg/l) than water from

DH-2, DH-3, and DH-4 (mean : 3a mgll) and somewhat higher magnesium, sodium, and

potassium concentations. This water appears to be influenced by contact with the Mancos

Shale rocks that occur immediately below the Spring Canyon Sandstone. The fact that water

encountering the Mancos Shale becomes elevated in solute content suggests that water does

not migrate downward from the Blackhawk Formation or the Spring Canyon Sandstone

through the interbeds of Mancos Shale to provide water to the Panther Sandstone.

Investigation of groundwater and surface-water
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Groundwater inflows to the Blind Canyon Seam and Tank Seam workings have lower solute

and TDS concentations than water encountered in semi-horizontal drill holes drilled across

the Blind Canyon Fault. Water on the west side of the Blind Canyon Fault (3rd West South;

Table 3) has a TDS concentation of 739 mgll compared to 345 mg/l in the waters east of the

fault, and a higher sulfate concentation of 234 mg/l compared to 39 mgll east of the fault.

This suggests that waters that are west of the Blind Canyon Fault do not flow eastward into

the area of the Bear Canyon Mine workings. This is also confirmed by obsenrations of dry

fault gouge material where mine workings encounter the fault.

Similarly, waters that are east of the Bear Canyon Fault likely do not flow into the workings

of the Bear Canyon Mine. As noted above, waters discharging from two springs, 16-7-24-3

and SBC-17, on the east side of the Bear Canyon Fault in Bear Canyon have large

magnesium and sulfate concentations. Waters with similar concenbations have not been

encountered west of the Bear Canvon Fault.

Groundwater at in-mine sampling point SBC-13 is collected from a mine sump. That this

water has higher concentrations of calcium, magnesium, sulfate, and TDS is attributed to

exposure to the mine environment and is likely a result of the dissolution of rock dust and the

oxidation of pynte.

Groundwater discharge from the Bear Canyon Mine at NPDES-0M closely reflects the

composition and concentration of water at SBC-9, which is water from the large sandstone

paleochannel encountsred in the northem extent of the Blind Canyon workings. Mine water
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discharge at ttre MoMand Portal has higher concenftations of TDS, calcium, magnesium,

bicarbonatg and sulfate than most groundwate,rs that discharge from the Blackhawk

Fonnation. The cause of this increased mineralization is lil<elv due to the interactions of

groundwater with tlre mine environmenl

Most groundwaters in the Star Point Sandstone are calcium-magnesium-bicarbonate tlpe

waters. Exceptions to this generalization are waters from wells SDH-I, SDH-2, and SBC-14.

With the exception of these three waters, the average TDS concentation of water in *re Star

Point Sandstone is a20 mgll. Star Point Sandstone groundwaters are discussed in the

following paragraphs.

Water discharging from Defa #1 Spring discharges from the Storrs Sandstone in close

proximity to Big Bear Spring and Defa #2 Spnng. Dscharge from all three of these springs

is fracture-related, but not necessarily from the same fracture. Water from Defa #1 Spring

has zubstantially higher concenfations of magnesium and sulfate (Iable 3) than do watens

discharging from either Defa #2 or Big Bear springs. What this means is that water that

discharges from Defa #2 or Big Bear Spn"g is not in good hydraulic communication with

water in the rock or fractures of the overlying Stons Sandstone.

Like water dischmging from Defa #1 Spring, water in Bear Canyon Creek at BC-l has higher

magnesium and zulfate concenftations than water discharyrng from Defa #2 or Big Bear

springs. What this indicates is that Bear Canyon Creek is likely not a significant sowce of

recharge to the Panther Sandstone.
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As noted previously, water that discharges from SBC-14, east of the Bear Canyon Fault is

highly mineralized compared to any water that dischmges from the Star Point Sandstone west

of the Bear Canyon Fault. The evolutionary pathway of the chemistry of SBC-14 is

unknown.

Water in wells SDH-I and SDH-2 have lower TDS concentrations (260-280 mg/l; Table 3)

than other waters in the Star Point Sandstone. When Mayo and Associates collected the

water sample from SDH-2, water in the well bore still contained drilling foam (water was

soapy with an elevated pH). We did not collect the sample from SDH-I, but it also has an

elevated pH. Based on these obseryations we are reluctant to say that the chernistry of these

waters are representative of groundwater conditions in the Star Point Sandstone at these

locations. The fact that residual drilling foam was present in these wells may indicate that

there is not zufficient active flow in the Spring Canyon Sandstone in ttre vicinity of these

wells to disperse the drilling foam. While residual foam could be athibuted to inability of

to mix in the well bore, water extracted from well SDH-3, which was

constructed in similar manner to SDH-I and SDH-2 and was only samplod once with limited

purging, does not show indications of residual drilling foam.

In October 1998, while the spring collection system at Birch Spring was undergoing repairs,

discrete solute samples were collected from two sources @irch Sptitg #l Source and Birch

Sp.ing #2 Source) and a composite sample was collected from the remaining sources @irch

Sp.itrg Overflow). The designations of these sources are given by NEWUA on the spring

development diagrams (Appurdix D). The solute concentrations of Birch Spring #1 Source
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and Birch Spnng #2 Source are similar to other waters in the Star Point Sandstone. The

concentations of TDS, calcium, magnesium, and zulfate in Birch Spring Overflow are

somewhat elevated relative to other Star Point waterc. The elevated solute concentrations in

Birch Spring Overflow are atffibuted to influence from Mancos Shale rocks.

The impact of groundwater contact with ttre Mancos Shale is clearly demonstated by ttre

solute chemisty of SBC-3. This well is constucted in the alluvium of Bear Canyon at a

point where much of the alluvium is derived from a sliver of Mancos Shale on the east

(upthrown) side of the Bear Canyon Fault @igure 4). The average TDS concentation of this

water is 2,842 mg/l and has especially elevated calcium, magnesium, sodium and sulfate

concentrations.

The baseflow solute compositions and concentations of a gtven creek reflect the chemisfiy

of the groundwater discharge within that particular drainage. The water quality of creeks is

addressed in greater detail in Section 7.0.

5.3 Tritium and Radiocarbon

The concept of groundwater age is difficult to defure because water arriving at a well or

spring seldom travels via pure piston flow. Instead, it is usually a mixture of water molecules

that recharged at different locations and at different times, and thus water has no unique age.

It is, ttrerefore, best to ttrink of a groundwater 'age' as the mean residence time of the water

molecules sampled at the well or spring. In this report, the term radiocarbon age is

synonymous with the concept of mean residence time.
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kr this investigation, two radiogenic isotopes, titium fU) *O radiocarbon (raC), have been

used to evaluate mean residence times. Tritium is a qualitative tool indicating if groundwater

has a cornponent of water that recharged since about 1954. Groundwater that recharged prior

to about 1954 will mntain essentially no titium. Radiocarbon provides information

regarding the number of years that have elapsed since the groundwater became isolated from

soil zone gases and near-surface waters. Like ffiium, radiocarbon Gan indicate if

groundwater has a component that recharged since the 1950s. Groundwaters with

radiocarbon contents greater than about 50 pmc contain anthropogenic (human-induced)

carbon associated with atmospheric nuclear weapons testing. It is not uncommon for

groundwater issuing from a spring or occrxring in a well to be a mixture of old (i.e.

mntaining no tritium) and younger groundwaters.

The tritium and radiocarbon contents of goundwaters in the study area are listed in Table 4

and are discussed below.

Flagstaff, North Horn, Price River, and Blackhawk springs

The tritium contents of 10 spring waters that discharge from the Flagstaff Limestone, North

Hom Formation, Price River Formation, and Blacklawk Formation were measured. Tritium

contents in these springs varied from 12 to 32 TU (Table 4) which indicates that modern

recharge water supports these springs. This is consistent with the seasonal and climatic

discharge fluctuations observed in these springs (Section 4.1). Samples were collected from

five of these qprings in both the springtime and the fall. Although titium concentrations

vmied spatially, concentrations varied only slightly between spnng and fall. What this
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Table 4 lsotopic compositions of creek, spring, well, and mine waters
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suggests is that most groundwater recharge to these particular systems likely occurs as a

single event during tre snowmelt.

Bear Canyon Mine inflows

Three groundwater inflows to workings in the Blind Canyon Seam have been sampled as part

of this and previous investigations. Sampling locations in ttre Bear Canyon Mine are shown

on Figure 11. Samples have also been collected for tritium and radiogenic carbon analysis

fi-om angled test holes drilled from the Blind Canyon workings across ttre Blind Canyon

Fault. As part of this investigation, a sample from a recent inflow to the Tank Seam was

analyzrd for titium and radiogenic carbon.

The largest groundwater inflow to the Bear Canyon Mine occurred in the northem extent of

the Blind Canyon workings. This inflow is associated with a large sandstone paleochannel.

Two sites (SBC-9 and SBC-10) have been established to monitor the quality and quantity of

this water. Samples were collected at both of these sites for tritium n 1992. In May and

November 1996 and in January 1999 samples were collected directly from one of numerous

roof drips contributing water to SBC-9. These samples are designated SBC-9 Source.

Water from this sandstone channel contained little titium (0.36 to 0.87 TtI) when sampled in

1992 and 1996. A radiocarbon ase of 1.400 vears was calculated for water collected from

SBC-9 Source in November 1996. However, when sampled in January 1999, the tritium

concentration increased to 3.62 TU and the radiocarbon age increased to 2,200 years. What

ttris suggests is that the groundwater system supporting the discharge from the sandstone
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charurel was not in active hydraulic communication with the surface prior to being

encountered by mining. The increased titium content measured in January 1999 is possibly

the result of induced downward migration of surface water along a small fault in the Bear

Canyon Fault Zone, both sides of which have been zubsided. The increase in the radiocarbon

age of the water is attributed to induced flow from some other part of the sandstone

paleochannel that contained older water.

A small inflow from the roof in the 3rd West Bleeder of the Blind Canyon workings was

sampled in May and November 1996. The sample contained no ffitium and had a

radiocarbon age of about 500 years. This suggests that this inflow was not in active

hvdraulic communication wittr ttre surface.

A large sandstone channel that yielded water was encountered in the northem extent of the

Tank Seam workings. This water (T.S. North Bleeder) contained no tritium and had a

radiocarbon age of 1,200 years, indicating that this groundwater system is not in active

hydraulic communication with the surface.

Test holes drilled from the Third West South area of the Blind Canyon workings intercepted

groundwater west of the Blind Canyon Fault. This water was sampled in May 1996 for

tritium. The fitium content of this water was 2.2 TU. However. in December 1996. water

discharging from ttrese holes contained no tritium. Because one of the test holes encountered

the soil zone, the tritium content of the water in May 1996 is attributed to snowmelt water

entering this test hole. Consequently, the December 1996 sample is more representative of
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groundwater in the rocks west of the Blind Canyon Fault. The radiogenic carton content of

this water was measured in a sample collected in Novernber 1996. The calculated

radiocarbon age of this u,ater is 5,400 years. The disparity behveen the radiocarbon ages of

water encountered west of the Blind Canyon Fault and groundwater inflows to the Bear

Canyon Mine suggests that the Blind Canyon Fault is a hydraulic barrier.

Star Point Mine groundwater intlows

One sample of a groundwater inflow to the Star Point Mine was collected by Cprus Plateau

Mining Company (Star Point MRP, 1996). This sample was from a roof drip in the Wattis

Seam workings. This sample had a radiocarbon content of 34 pmc. We have calculated the

radiocarbon age of this water using a linear mixing model @earson and Hanshaw, 1970) to

be 2,500 years. (The Star Point MRP (1996) reports the radiocarbon age of this water as

8,670 years; this is an incorrect age because the necessary corrections have not been applied

to account for the contibution of dead carbon from the dissolution of carbonate minerals in

the groundwater systan.)

Mohrland Portal Discharge

Groundwater discharging from the Mohrland Portal in Cedar Canyon was sampled for tritium

and radiogenic carbon in June and October 1998. Water discharging from these abandoned

mine workings contains 5.5 TU and has a radiocarbon age of 9,000 years. This indicates that

the water is a mixture of modern waters with waters in excess of 9,000 years old. We suspect

that ttre modem water component enters the mine working where the overburden is ttrin

and/or may be related to water that was diverted (until 199 1) from Miller Creek into the
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workings of Hiawatha #2 Mine which were used for water storage, (Hiawatha MRP, 1992).

The old component is likely associated wi*r ttre Bear Canyon Fault, which has been

identified as the source of much of the water disoharging from the Ivloluland Portal

(Hiawatha MRP, 1992).

Spring Canyon Sandstone wells

Three wells completed in ttre Spring Canyon Sandstone have been sampled for tritium and

radiogenic carbon. Well DH-2 was drilled from tlre Blind Canyon workings of the Bear

Canyon Mine. Water from this well, sampled in November 1996, contained no ffitium and

had a radiocarbon age of 900 years. Wells SDH-2 and SDH-3 were drilled from the surface

and w€re sampled in June 1998. Water from these wells contained essentially no tritium and

water from SDH-3 had a radiocarbon age of 3,000 years. A radiocarbon age for water from

well SDH-2 could not be calculated because of the residual influence of drilline foam in the

well. (Water from the well formed soap bubbles when extacted from the *"rj, Or*"rrlty in

pumping water from 1,600 feet precluded purging of the well.) This is indicated by the

unusually negative 6r3C value (-25.6) and elevated pH (10.0).

These data indicate that groundwater in the Spring Canyon Sandstone is not in active

hydraulic communication with the surface.

Big Bear Spring (SBC-4), Defo #1 Spring, and Defa#2 Spring

Groundwater dischargrng from Big Bear Spring was sampled for tritium in April 1992, May

1996, and. in May and October 1998. Radiocarbon contents were measured in May and
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October 198. Groundwater sampled from Big Bear Spring had fitium contents rangtng

from 14 to 17 TU and radiocarbon contents of about 55 pmc. The calculated radiocarbon age

of water from Big Bear Spring is modem.

As notod in Section 4.1.6, dischmge from Big Bear Spring has two components, a seasonal

component that is likely derived from local systems and has a residence time less than one

year, and a more constant baseflow component that is part of a larger system with a longer

residence time and a large storage volume. Isotopic analysis of water from Big Bear Spring

has occurred only recently and data are available for the baseflow component only. The

titium and radiogenic contents of Big Bear Spring suggest that the baseflow component is

itself comprised of two components: a recent component, which does not show large seasonal

discharge fluctuations and a component with some antiqurty.

The titium content and calculated radiocarbon age of water from Big Bear Spring is

consistent with modern recharge waters encountered in springs discharging from the

Blackhawk Formation and higher stratigraphic units. However the relatively low radiogenic

carbon content of Big Bear Spring (55 pmc) coupled with a large tritium content (14 to l7

TLI) suggests that the baseflow component of Big Bear Spring is a mixed water. It can be

observed in groundwaters that discharge higher in the section that large tritium contents (12

to 30 TU) are ac@mpanied by radiogenic carbon contents ranging from 7l to 97 pmc. This

is expected because tritium contents greater than about 8 to 10 TU and radiogenic carbon

contents significantly greater than about 50 pmc are a result of atmospheric nuclear weapons

testing (anthropogenic source). That a water contains anthropogenic tritium yet has a small
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anthropogenic radiogenic carbon content suggests ttrat mixing of waters wittr different

residence times has occurred.

Two qprings which discharge near Big Bear Spring were recently sampled in an effort to

better understand groundwater dynamics of the Star Point Sandstone. These springs have

been designated Defa #l and Defa #2 qprings. Defa #l Spring discharges from the Stons

Sandstone and Defa #2 Spring discharges from the base of ttre Panther Sandstone. Like Big

Bear Spring, both of these springs contain titium yet do not contain appreciable

anthropogenic radiocarbon. Defa #1 Spring has a radiocarbon content of 53 pmc which

yields a modem calculated radiocarbon age. Defa #2 Spring, however, has a radiocarbon

content of 42 pmc and a calculated radiocarbon age of 1,600 years. Thus, like Big Bear

Spring, both of these qprings discharge mixed water.

Because of the proximity of Big Bear Spring and Defa #2 (about 500 feet) and because they

discharge from the same statigaphic horizon, these waters may be related. This being the

case, it can be surmised that the older component of water discharging from Big Bear Spring

has a residence time greater than 1,600 years. If we make the assumption that water

discharging from Big Bear Spring and Defa #2 Spring are mixtures of the same old water and

the same modem water, only in different proportions, a regression analysis yields the

approximate radiocarbon content of the old portion of the water. This analysis suggests that

the old portion of the water has a radiocarbon content of about 32.5 pmc. A linear mixing

model @earson and Hanshaw, 1970) yields a radiocarbon age of 3,500 to 4,500 years for the

old portion. Because of the uncertainty in the assumptions used to derive the residence time
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of the old portion of water in Big Bear Spring, we view ilris radiocarbon age only as a

zuggestion of what the actual age might be.

The differences in the radioca$on contents and solute compositions and conceirtations

(Section 5.2.2) of Defa #l and Defa #2 qprinp suggest that there is little hydraulic

communication between the Storrs Sandstone and the Panther Sandstone due to interbedded

shale separating these two sandstones. Both of these springs are fracture-related, and so this

hydraulic disconnect appears to be operative even in fracture-contolled systems.

That Defa #l and Defa #2 sprinp contain a significant portion of older water suggests that

the water discharging from these springs is not likely the same water that previously provided

a portion of the seasonal flow component previously seen in Big Bear Spring.

Birch Spring (SBC-S)

A composite sample of groundwater from Birch Spring was sampled for tritium in April

1992 andMay 1996 and for tritium and radiogenic carbon in May 1998. In October 1998,

while the spring collection was undergoing repairs, discrete samples for titium and

radiogenic carbon were collected from two sources and a composite sample was collected

from the remaining three sources. Except for ttre 1992 sample, water from Birch Spring

contains less than 0.5 TU and has calculated radiocarbon ages of 1,100 to 3,600 years. The

1992 sample contained l.l2 TU. The small quantity of tritium in water from Birch Spring is

likely the result of mixing of older water with modern recharge water. These data are

consistent with observations reported in Section 4.I.6 that the discharge from Birch Spring
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does not show seasonal discharge variations and is likely supported by a more extensrve

grorurdwater system than those that zupport qprings higher in the section.

Radiocarton data from the discrete sources supplyrng water to the Birch Spritg collection

system lend insight into the hydrodynamics of the fiachre flow groundwater system that

supports the spring. Groundwater from Birch Sp.itrg #1 Source has a radiocarbon age of

3,600 years while groundwater from Birch Spring #2 Source has a radiocarbon age of 2,500

years. These spring sources discharge from fiacture planes separated at the discharge point

by about l0 feet. The sample designated Birch Spring Overflow is a composite sample of the

remaining three sources and had a radiocarton age of 1,100 years. What the differences in

these radiocarbon ages suggest is that the fracture system supporting this discharge is not

well inter-connected and that individual fractures may convey water independently of each

other. There is likely little or no lateral commwrication between parallel fiactures.

Bear Canyon Alluvium

The titium and radioc on contents of SBC-3 (Table 4) indicate a modem origrr of water

from well SBC-3, which is completed in the alluvium of Bear Canyon near the mine.

Creeks

Tritium concentrations of two creeks in the study are4 Bear Creek and Cedar Creek, have

been measured (Table 4). Expectedly, waters from these creeks have modem tritium

concentrations. Unexpectedly, Bear Creek water had a relatively low radiocarbon content

(57.9 pmc) relative to qpring waters in the Flagstaff Limestone, North Hom Formation, Price
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River Formation, and Blackhawk Formation (77-97 pmc). This combination of large titium

content and relatively low radiocarbon content was interpreted to mean a mixed water in Big

Bear and Defa #1 springs. This might suggest, then, that groundwater with antiquity rnay

discharge to Bear Creek, perhaps from the Bear Canyon Fault. However, the discharge in

Bear Creek, on26 May 1998, the day that this sample, was taken was 290 gm, indicating

that a large fraction of the flow was snowmelt derived. Additionally, the stable isotopic

ratios (Section 5.4) of this sample of Bear Creek water are not consistent with waters having

a mixed orign Thus, the meaning of the tritium and radiocarbon data for Bear Creek is

problematic.

5.4 Deuterium and Oxygen-l8

The stable isotopic ratios of deuterium (6'?H) anA oxygen- 18 (6'EO) of water falling as

precipitation are determined by the tanperatwe at which nucleation of the water droplet

occurs. The stable isotopic compositions of waters are usually analyzd, relative to the

Meteoric Water Line (MWL). The MWL is empirically derived from the worldwide plotting

locations of coastal zone precipitation and is definod by the equation 52H : 8 6t8O + 10 (See

Appurdix C for furttrer discussion of the MWL). On a plot of 62H vs. 6'80, precipitation that

forms under cooler conditions will plot more negative than precipitation which forms under

warmer conditions.

In addition to the nucleation temperature of the water molecule, several other factors may

aflect the isotopic composition of recharge water. These factors include rainout and

orographic effects and the sublimation of snow prior to the springtime snowmelt.
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Except for trrusual conditions zuch as geothermal heating above about 100oC, the 62H and

6rtO composition of a groundwater is set at the time of recharge and is not affected by

subsr:rface conditions zuch as residence time and mineral dissolution and precipitation

reactions. In other words, the recharge and flow history of a groundwater can be evaluated

independently of the solute content of the water.

The 62H and 6t8O ratios of surface waters and groundwaters in the study areil are reported in

Table 4 and are plotted on Figure 16. All these waters plot near the MWL indicating a

meteoric origm (i.e. rain and snow).

The stable isotopic ratios of groundwaters in the study area are dividod into tlree groups ils

indicated on Figure 16. Group 1, indicated by blue symbols, is comprised of waters with

5r8O ratios greater than about -16.50/oo. These waters are from creeks, Flagstaff Limestone,

North Hom Formation, Price River Formation, Blackhawk Formation springs, and from the

Bear Canyon alluvium well. Group 2, indicatod by red symbols, includes waters having 6180

ratios less than about -16.5yw. These waters are from in-mine sources, wells in the Spring

Canyon Sandstone, and Birch Spring (SBC-5). The waters of Group 3 are denotd by geen

symbols and are waters that have isotopic ratios that are transitional between Group 1 and

Group 2. Analysis of these groupings and two exceptions to these groupings, Birch Spring

Lower West Seep andBC-2, are discussed below.

Waters of Group 1 are modem waters while all of the waters belonging to Group 2 are waters

with antiquity. That Group 2 waters plot more negative than waters of Group 1 is interpreted
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to be a reflection of paleoclimate (i.e., cooler climatic conditions of ttre past). The relative

plotting locations of these groups is not a reflection of differences in the elevation of

procipitation formation. If the difterences were attributable to groundwater recharge

occuning at lower elevations where the Blackhawk Formation and Star Point Sandstone crop

out, the stable isotopic ratios of the Blackhawk Formation and Star Point waters would be

more positive than waten falling as precipitation highet in elevation. That these waters can

be distinguished based on their stable isotopic ratios indicates that Group 2 waters are not in

active hydraulic communication with Group I waters, meaning that Group 2 waters are

essentially isolated from surface waters and near-surface groundwaters.

Among waters of Group 1, the stable isotopic ratios of Flagstaff Limestone and North Hom

Formation springs vary spatially. However, the seasonal (spring versus fall) differurce

between the stable isotopic ratios is small compared to the seasonal diffirence observed in

the stable isotopic ratios of creeks in the study area. A similar phenomenon is noted in

fitium contents (Section 5.3) and suggests that recharge to these groundwater systems mostly

occurs as a single event during ttre snowmelt and that little recharge occurs from rainfall.

Waters of Group 3 include the waters identified in Section 5.3 as being a mixture of modem

waters with waters having antiquity. Specifically, these waten are Big Bear Spring, Defa #7

spring, Defa #2 spring, and discharge from the Mohrland Portal. That the waters of Group 3

have isotopic ratios intermediate between Group I and Group 2 waters further supports the

idea that these sroundwaters are a mixture of modem and old proundwaters.
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Bear Creek has been considered as a possible source of water to Big Bear Spring. However,

the large difference in stable isotopic ratios between waters from BC-l and Big Bear Spring

strongly suggcsts tliat Bear Creek does not <iontu'ibute a significant quantity of water to Big

Bear Spring. That the stable isotopic ratios of water from BC-2 in January 1999 are

consistent with ttre stable isotopic ratios of Group 2 is a reflection of the mnfibution of mine

water discharge to Bear Creek.

Analysis of stable isotopic ratios in water from Birch Sp.ing (SBC-5) and two seeps below

the spring to the south indicate that at least one of these seeps is directly related to Birch

Spring. Water discharging from the lower east seep has a shong isotopic affinity for Birch

Spring water. However, water in the lower west seep has the most positive stable isotopic

composition of any water in the study area This water may likely be related to Huntington

Creek and may also have undergone some evaporation.
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6.0 GROTJI{DWATER SYSTEMS

6.1 Regional picture

The whole of Gentry Mountain is for the most part hydraulically isolated from other areas of

the Wasatch Plateau. Figure 17 shows the geology of Gen@ Mountain and adjacent areas.

Huntington Canyon to the west and south of Genty Mountain is cut down to the Mancos

Shale and Castle Valley to the east is developed on the Mancos Shale. We do not believe

that water can be fansmitted through the Mancos Shale into Genty Mountain. Thus, Gentry

Mountain is hydraulically isolated on the west, south, and east from adjacent areas, including

the highlands of East Mountain to the west. To the north, Gentry Mountain can only be

hydraulically connected to other portions of the plateau via a narow neck of land about two

miles wide between Nuck Woodward Canyon on the west and Comer Canyon on the east

(Figure 17). What this indicates is that all groundwater in Garty Mountain either 1)

originated as precipitation on Gentry Mountain, or 2) is water that was transmittod into

Genhy Mountain through the narow neck of land on the north.

We have characterizd two general types of growrdwater systems in Gentry Morxrtain. These

systems are

Perched groundwater systems, and

Star Point Sandstone fracture-flow soundwater svstems.

We employ the concept of a "groundwater system" in our discussion. A groundwater system

includes a recharge area and mechanism, a flow path, and discharge area and mechanism. By

chuacteizrng q4pes of groundwater systems, we describe a collection of groundwater
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systems that operate in a similar fashion but are not necessarily connected to one another

hydraulically.

6.2 Perched groundwater systems

A perched groundwater system occurs where rocks of low permeability impede the

downward percolation of water and cause groundwater to accumulate above the low

permeability horizon. Thus, there is an unsaturated zone beneath the perched groundwater

system. This situation is cornmon in the rocks of Wasatch Plateau and Book Cliffs because

of the existence of relatively permeable channel sandstones that are interbedded with low-

permeability mudstones and shales.

Perched groundwater systems occur in the Flagstaff Limestone, North Horn Formation, Price

River Formation, and Blackhawk Formation. In the Flagstaff Limestone groundwater

systems are primarily supported by flow in fractures which terminate at the contact with the

top of the North Horn Formation. In the North Horn, Price River, and Blackhawk

Formations, perched groundwater systems exist in both the intergranular spaces and the joints

and fractures of sandstone channels. Based on discharge rate and isotopic information, two

types of perched groundwater systems can be discriminated. The terms 'active' and

'inactive' (Mayo and others, 1997) are used to describe these groundwater flow systems,

which are discussed below.
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Active groundwater flow sYstems

Active groundwater flow systans have good hydraulic communication with recharge areas

and have small storage volumes because of limited lateral and vertical extent. Thus these

systems are dependent on annual recharge events and are affected by short-term climatic

variability. Groundwater in these systems circulates shallowly and has short flow paths.

Active perched grourdwater systems support the springs that discharge from all of the

bedrock formations except the Star Point Sandstone and the Mancos Shale. It has been

suggested (Mayo and others, 1997) that the active groundwater flow systems extend about

500 to 1,000 feet into clifffaces where flow is controlled by fractures and channel sands.

Further into the clifffaces the discontinuous character of channel sands prevents active

groundwater flow. The vertical movement of groundwater in the active zone is commonly

limited to 100 to 200 feet. Active groundwater flow systems contain abundant tritium and

anthropo genic radiocarbon.

Inactive groundw at er fl ow syst ems

Inactive perched gtoundwater systems are not in good hydraulic communication with

recharge and discharge areas. Consequently, the flux of groundwater through these systems

is small enough that waters in these systems have measurable antiquity (500-9,000 years in

the Genfiry Mountain area). Such inactive systems occur in sandstone paleochannels of the

Blackhawk Formation and are encountered by mine workings or drill holes. When

encountered by mine workings sandstone channels usually drain quickly, indicating poor

hydraulic communication with recharge areas. The large inflow to the Blind Canyon Seam in

the Bear Canyon Mine (Section 4.2) is from a large sandstone paleochannel. Water from this
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sandstone paleochannel contained no tritium when first encountered and had a radiocarbon

age of 1,400 years (Section 5.3). Short lived groundwater inflows were also encountered in

the Star Point Mine (Section 4.2.3).

In addition to antiquity and the lack of tritium, there are other indications that the waters in

the perched inactive groundwater systems of the lower Blackhawk Formation are not in good

communication with recharge areas on the top of the plateau. First, the lack of springs in the

Price River Formation, Castlegate Sandstone, and upper Blacktrawk Formation suggests that

water is generally not being transmitted downward through North Horn Formation rocks.

Second, springs in the lower Blackhawk Formation are scarce, and the discharge from those

that do issue from the formation is dependant on seasonal recharge (Section 4.1), suggesting

that these systems are recharged locally.

In our experience, most fault-related groundwater inflows to mine workings in the Wasatch

Plateau and Book Cliffs appear to be supported by water draining from a sandstone channel

which is cut by the fault rather than by water in the fault plane itself. We suspect that the

water that was encountered in the Bear Canyon Fault in the mine workings of the Hiawatha

Complex is likely associated with a large sandstone channel. Otherwise, it is difficult to

envision a reservoir of water large enough to sustain, for such a long period of time, the

discharge of water from the Mohrland Portal that has a radiocarbon age greater than 9,000

years.
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6.3 Star Point Sandstone fractureflow groundwater systems

Fracture-flow groundwater systems exist in the Star Point Sandstone. Although fracture flow

occurs in sandstone units of overlying formations, these fractures are of limited lateral extent

and do not convey large quantities of water over long distances. The Star Point Sandstone is

a marine shoreface sand deposit that has greater lateral extent than do channel sands in the

overlying formations, and is therefore more capable of transmitting water through fractures

for great distances. Because there are no significant shales or mudstones in the tongues of

the Star Point Sandstone, fractures in the Star Point can rernain open and continuous over

large distances. However, the interbedded shales of the Mancos Shale prohibit significant

groundwater flow between the tongues of the Star Point Sandstone. Natural discharge from

fracture-flow groundwater systems supports two significant Star Point Sandstone springs on

Gentry Mountain. These are Big Bear Spring (SBC-a) and Birch Spring (SBC-5), which are

located immediately south of the existing permit area.

Analysis of solute, isotopic, and piezometric data suggests that groundwater in the fracfure

system at Big Bear Spring is not in communication with groundwaters in overlying horizons.

What this indicates is that groundwater recharge to the Star Point Sandstone fracture-flow

groundwater systems does not occur through the downward percolation of water, either

through fracfures or the pore spaces of rocks. Instead, groundwater recharge to each member

of the Star Point Sandstone occurs where that member is exposed at the surface. Both Big

Bear Spring and Birch Spring discharge from the Panther Sandstone; hence, recharge to these

systems occurs where the Panther Sandstone is exposed at the surface. More particularly,

recharge occurs where the specific fracture set from which a spring discharges is exposed at
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or nqr the surface. This is indicated by the large differences in radiocarbon ages of

groundwaters discharging from individual fracture planes at Birch Spring. This is also

demonstrated by the fact that only a few ofthe many fractures visible in the tongues of the

Star Point Sandstone discharge water. If water were being transmitted horizontally in

significant volumes perpendicular to fractures, more fractures would likely support

groundwater discharge. Instead, those sets of fractures that do discharge water are either

endowed with some different quality that allows them to convey water or, more likely, these

fracture sets have good recharge potential due to exposure at or near the surface probably

near a perennial surface drainage.

Discharges from both Big Bear Spring and Birch Spring have components of water with

different residence times. Big Bear Spring has as least three components, two modern and

one which may have some antiquity. The different sources of Birch Spring have

substantially different radiocarbon ages and there is a suggestion that in the past during wet

periods the spring may have had a component of modern water as well. What this indicates

is that there is not a single recharge location for these frachre-flow systems. The modern

components of these two springs are likely waters that recharged locally and had a relatively

short flow path. Waters with antiquity likely recharged some distance from the spring. We

have not been able to determine, nor do we believe that it is possible to readily ascertain,

where the recharge locations for these springs are. Possible candidates include some of the

more deeply incised canyons to the north such as Tie Fork and Nuck Woodward Canyons

(Figure 17).
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Sustained groundwater discharge from the fracture-flow systems is supported by the Panther

Sandstone and perhaps the Storrs Sandstone. (Although discharge from Defa #1 Spring has

only been measured once, we suspect that this is likely a sustained groundwater discharge

from the Storrs Sandstone.) That sustained discharge is not supported by the Spring Canyon

Sandstone suggests that l) fractures in the sandstone are not in good communication with

recharge sources, 2) the sandstone may contain, in some location, a fraction of shale that

impedes fracture flow, or 3) there is vertical communication along fractures between the

tongues of the Star Point so that most discharge is from the lowest sandstone. Because only

two fracture sets in the Panther Sandstone convey water, and only one of these fracture sets

discharges a large quantity of water (200 gpm), it seems most plausible that fractures in the

Spring Canyon or Storrs sandstones are not in good hydraulic communication with a

significant recharge source just as the remainder of the fractures in the Panther Sandstone are

not in hydraulic communication with recharge sources. As discussed in Section 5.3, water

from Defa #1 Spring, which discharges from the Storrs Sandstone, is chemically and

isotopically distinct from water discharging from Big Bear and Defa#2 springs, which

discharge from the Panther Sandstone. All of these waters discharge from fractures within a

500 foot zone. This suggests that water is not being transmitted in significant quantities

between sandstones even where fracfures exist.

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands

105 25 June 2001



Itflolyo cnd kccclalcq LC

7.0 SURFACE WATER SYSTEMS

The study area is drained by several small drainages (Figure l8). Trail Creek, McCadden

Hollow, Blind Canyon, Bear Creek, and the Left and Right Forks of Fish Creek drain south

to Huntington Creek, a tributary of the San Rafael River. Surface water in the northeastern

portion of the study area drains to Cedar Creek, a tributary of the Huntington Creek.

There are large temporal variations in stream flow within the study area, resulting from

seasonal recharge by storm and snowmelt events. During the snowmelt period, ephemeral,

intermittent, and perennial streams carry large amounts of runoffwater. However, during the

spring and summer, as temperatures rise and the snowpack is depleted, stream flows decrease

considerably or dry up altogether.

The locations of stream monitoring sites are shown on Figure 18. Available stream flow data

are reported in Appendix A and are presented as hydrographs in Figure 19. From these datq

several of the drainages appear to have perennial flow, including lower Trail Creek, Bear

Creek, and lower Cedar Creek. Upper Trail Creek, McCadden Hollow, Blind Canyon, Left

Fork and Right Fork of Fish Creek, and upper Cedar Creek appear to be intermittent or

ephemeral. The individual drainages are discussed separately below.

7.1 Trail Creek

Trail Creek is a tributary of Huntington Creek. The creek and surrounding hillsides are steep,

with hillsides ranging from600/o to 80% grades, and the stream channel ranging from al0%o

grade in the lower reaches to 30%o grades higher up. Stream flow has been measured since
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mid-l991 at monitoring locations LT-I, UT-1, and FBC-I0. Stream flow data for station LT-

I (Figure l9a) suggest that the lowerportion of Trail Creek is perennial, while the upper

portion of Trail Creek at and above UT-1 and FBC-10 (Figures l9b and l9c) is intermittent

and dependent on seasonal runoff. The upper intermittent portions of the creek flow across

bedrock and alluvium of the North Hom, Price River, Castlegate, Blackhawk, and Star Point

formations. The intermittent nature of the creek suggests that these formations do not

contribute significant baseflow to the creek. The baseflow in the lower portions of Trail

Creek is likely sustained by discharge from springs in that are4 especially spring TS-1.

7.2 McCadden Hollow

McCadden Hollow is a tributary of Trail Creek. The creek and surrounding hillsides are less

steep than Trail Creek, with hillsides having 20Yoto 30Yo gades, and the stream channel

having a 9 to l}Yo grade. Stream flow has been measured at monitoring location MH-l, from

mid-I991 through late 1994, and suggests that the sheam is intermittent (Figure l9d). The

stream in McCadden Hollow flows across alluvium and bedrock of the North Horn and Price

River Formations. The intermittent nature of the creek suggests that these formations do not

contribute significant baseflow to the creek.

7.3 Blind Canyon

Blind Canyon is a tributary of Huntington Creek. The creek and surrounding hillsides are

steep, with hillsides having 60Yo to 90o/o grades, and the stream channel having a 12 to 25o/o

grade. There are no streamflow or sampling stations in Blind Canyon, but Blind Canyon

Creek is believed to be ephemeral.
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7.4 Bear Creek

Bear Creek is a tributary of Huntington Creek. The creek and surrounding hillsides are steep,

with hillsides having 60Yo to 80% grades, and the stream channel having a 6o/o grade in the

lower reaches up to a 25% gradehigher up. Stream flow has been measured at monitoring

locations BC-l and BC-2 from early 1991. Stream flow data (Figures l9e and l9f) indicate

that the stream is perennial, both above and below the Bear Canyon Mine, with a base flow

of 30 to 50 gallons per minute. This base flow is likely sustained by springs, such as FBC-

12, emerging from the North Horn Formation at the headwaters of Bear Canyon.

Discharge from the Bear Canyon Mine supplements the flow of the Bear Creek. The

contribution of mine water is evident when the upstream (BC-l) and downstream (BC-2)

hydrographs are compared.

7.5 Fish Creek

Fish Creek is a hibutary of Huntington Creek. Both forks of Fish Creek are steep, with

hillsides ranging from 60% to 70o/o grades, and the stream channels ranging from 8% to l5Yo

grades. Stream flow has been measured at monitoring locations FC-1, FC-2, and FC-3.

Stream flow data (Figures 199, l9h, and 19i) indicate that both the Left Fork and Right Fork

of Fish Creek are perennial. Both forks of Fish Creek flow across bedrock and alluvium of

the North Hom Formation, Price River Formation, Castlegate Sandstone, Blackhawk

Formation, Star Point Sandstone, and Mancos Shale.
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7.6 Cedar Creek

Cedar Creek is a tributary of the Huntington Creek. The creek and surrounding hillsides are

steep, with hillsides ranging from 45%oto 65Yo grades, and the stream channel ranging from

anSo/o grade in the lower reaches up to a l5Yo grade at and above the Mohrland Portal.

Stream flow has been measured at monitoring locations CK-I, almost a mile downstream

from the study area, and at CK-2,just upstream from the Mohrland Portal (Figure l). Stream

flows in Cedar Creek were also monitored at stations 5T-06 and ST-06a, from November

1978 through October 1988, by U.S. Fuel (Hiawatha MRP, 1992). Stream flow data (Figures

19j, 19k, and l9l) suggests that the lower portion of Cedar Creek, outside the study area, is

perennial, while the upper portion of the creek is intermittent. The upper intermittent portion

of Cedar Creek flows across bedrock and alluvium of the North Horn, Price River,

Castlegate, and Blackhawk formations. These formations do not appear to contribute

significant baseflow to the upper portion of Cedar Creek, upstream from the monitoring

location atCK-2.

7.7 Discussion

Most of the recharge to creeks in the study area occurs from springtime snowmelt and

thunderstorms. Discharge rates are variable and many creeks are intermittent, with most

creeks drying up completely in the summer or fall. Perennial streams appear to be supported

primarily by drainage of water from springs near the mapped faults. Away from these faults

creeks tend to be intermittent, suggesting that little water discharges from the bedrock

formations exposed in the study area.
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7.8 Water QualitY

Surface waters within the study area tend to falr into two relatively distinct groups based on

chemistry and TDS. These groups include low TDS calcium-magnesium bicarbonate tlpe

waters and higher TDS magnesium-calcium-sulfate-bicarbonate type waters' TDS values

typically range from 200 to 400 mg/l for the low-TDS type waters and range from 400 to

1000 mg/l for the higher TDS waters. The TDS values of the high-TDS surface waters are

not as high as trre TDS values of some of the springs and mine discharges' Those waters

flowing over rocks of the North Hom, Price River, and castlegate formations tend to be of

the lower TDS calcium-magnesium bicarbonate type, while waters flowing over the

Blackhawk and Mancos formations tend to be the higher TDS maggesium-calcium-sulfate-

bicarbonate type. water quality of the various individual creeks is discussed below'

Trail creek and Mccadden Hollow have low-TDS type waters, with the exception of LT-l'

Waters at LT-l show an increase in TDS, magnesium, and sulfate, suggesting a partial

change to the higher TDS type waters. This difference is likely caused by discharge of higher

TDS waters from spring TS-1, located not far upstream from station LT-l- During periods of

low flow, the water chemistry of the stream at LT-l and spring TS-1 are similar, suggesting

that the bulk of the low-flow water in lower Trail Canyon may be derived from this spring'

Surface waters in Bear Canyon include high-TDS waters at BC-l, and intermediate or mixed

waters atBC-2. The waters atBC-2have relatively low TDS values, ranging from 300 to

600, but high magnesium and sulfate concentrations similar to the higher-TDS waters at BC-

Investigation of groundwater and surface-water
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1 and elsewhere. surface waters in the Left Fork and Right Fork of Fish creek' at stations

Fc-l,Fc-z,andFC-3,areallhigh-TDSmagnesium-bicarbonate-sulfatetypewaters'

Surface waters in cedar creek incrude low-TDS waters at station cK-z, and higher-TDS

sulfate-rich waters farther downstream at station CK-l' The change in chemistry between

CK-Zand CK-l reflects the addition of large volumes of high-TDS water discharging from

the Mohrland Mine, as well as sheamflow over rocks of the Mancos shale' As the volume of

water discharging from the Mohrland Mine is significantly greater than the volume of lower

TDS water into which it flows, this discharge degrades the quality of the existing water in

Cedar Creek.
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8.1 Big Bear SPring

Big Bear Spring discharges from the base of the Fanther sandstone' The discharge is

collected from several distinct north-south trending fractures that are visible at the surface at

the spring site. Drought-related declines in the discharge rate occurred in the spring in the

late 1980s. However, after the end of the drought in the early 1990s, the discharge fiom the

spring failed to return to pre-drought conditions. Specifically, the sharp seasonal discharge

peaks that occurred before the drought did not return' Some have suggested that the loss of

the seasonal peaks is attributable to mining activities at the Bear Canyon Mine' Several lines

of evidence indicate that this is not the case'

Nearly all of the groundwater encountered during mining operations in the Bear Canyon

Mine originated from a sandstone channel in the roof of the Blind canyon coal seam' It has

been postulated that the water that was the source of the seasonal peaks in discharge at Big

Bear Spring originated from this sandstone channel. The initial water in the sandstone

channel contained no tritium and had a radiocarbon age of approximately 1'500 years'

Seasonal variations are not associated with the discharge from the sandstone channel in the

mine. Significant quantities of tritium in groundwater have not been encountered anylvhere

in the mine. Although the water that discharges from Big Bear Spring has been characterized

as a mixed water (Section 5.3), the water that supplied the seasonal peaks at Big Bear Spring

was certainly modern. Thus, the groundwater encountered in the mine could not have

supplied the seasonal water to Big Bear Spring'

Investigation of groundwater and surface-water

systems in the C.W. Mining Company
nnql laocce and fee lands

25 June 2001



It has been demonstrated that groundwater chemistry is significantry degraded by passing

through the Mancos shale (Section 5.2.2)' The fact that the chemistry of Big Bear Spring

water is not degarJed relative to groundwaters encountered in active-zone' near surface

systems, indicates that the waters discharging from Big Bear Spring have not passed through

the tongues of Mancos shale that divide the Starpoint Sandstone. Because all mining in the

Bear canyon Mine occurs above these shale tongues' the source of water to Big Bear Spring

cannot pass downward through the mine openings and through the shale tongues' No

significant gfoundwater was encountered during mining operations in the Hiawatha coal

searn, which directly overlies the uppermost member of the Star Point Sandstone' Thus'

mining in the Hiawatha seam is not a potential mechanism for affecting seasonar flows at Big

Bear spring.

Based on the estimated volume of water stored in the sandstone channel and the radiocarbon

ageofthiswater,itiscalculatedthatunderequilibriumconditionsthesandstonenaturally

discharged at a rate on the order of 1.6 gpm' These calculations are summarized in Figures

20 and 21. For these calculations it is assumed that, before the mine intercepted the

sandstone channel, there was equilibrium between the recharge rate and the discharge rate in

the groundwater system. Thus, for the sandstone channel to fill completely it required about

1,500years(thetimeittakesforaslugofwatertotravelfromtherechargeareatodischarge

area) for the system to go through one frlling cycle. Analysis of the discharge hydrograph for

the sandstone channel (sBc-g, Figure 20) suggests that' if the discharge decline follows a

recession similar to what we have observed in other coal mines of the wasatch plateau, then

approximat ely 50%of the total volume of water in storage has already drained from the

to.r"rtigutiot of groundwater and surface-water
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Blind Canyon Fault
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'sandstone channel
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Sandstone channel in
the Blind Canyon seam
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Sandstone channel
not drawn to scale

Sandstone channel
truncated by fault

Bear Canyon Fault
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Figure 2l Calculation of the estimated natural discharge rate of the sandstone channel

encountered in the Blind Canyon Seam Workings of the Bear Canyon

Under equilibrium, non-mining conditions, Q,n = Q-,

Total volume of water drained from sandstone channel
February 1990 through May 1999 = 616 million gallons

Assuming that channel dewatering is 50% complete
Original volume of water in channel = 1 ,232 million gallons

M-ean residence time of water in channel = 1 ,500 years

Maximum constant recharge rate prior to mining =

1,232 = 1,6 gpm
1,500 years (789 million minutes)
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channel and 50% remains in storage. Because we know the volume of water that has

discharged from the channel since it was first opened (approximately 616 million gallons)'

and we know that that number represents approximately 50"/o of the total volume' we can

calculate that twice the amount discharged, or 1.23 billion gallons, is the approximate storage

volume of the sandstone channel. Because it required approximately 1,500 years to recharge

the l.23billion gallons, we can calculate a pre-mining equilibrium discharge rate of

approximately 1.6 glm for the sandstone channel. Recently collected data from the

sandstone channel indicates that the water now discharging from the channel has a

radiocarbon age somewhat greater than that initially encountered (Section 5-3)' If the older

groundwater age is used in these calculations, a yield of less than 1.6 gpm would be obtained'

The magnitude of the seasonal discharge increases that occurred before 1987 generally

exceeded 100 gpm. Obviously, this estimated natural discharge rate from the sandstone

channel is wholly insufficient to account for the seasonal peaks in Big Bear Spring discharge'

Even if the calculated flow estimations were in error by an order of magnitude, the natural

equilibrium discharge rate would only be approximately 16 gpm'

There are insufficient data to definitively determine why the seasonal peaks in discharge have

not returned to Big Bear Spring after the drought ended. However, we believe that it is likely

that the,'plumbing system" that facilitates the transmission of seasonal water to Big Bear

Spring may have been impacted by natural causes. The presence of dry tufa mounds in the

vicinity of Big Bear Spring indicates that at earlier times groundwater naturally discharged at

locations where it does not now discharge. It seems plausible that the magrritude 5.3
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earthquake (Section 4.1.6) that occurred in the region in 1988 may have facilitated changes to

the fracture network that supplied the seasonal recharge to Big Bear Spring. significant

alterations in discharge occurred at other Star Point Sandstone fracture system springs in

response to this seismic event. Discharge at the Tie Fork Wells increased almost

instantaneously from 80 gpm to over 130 gpm, a63Yoincrease. At essentially the same time,

NEWUA reports that discharge from Birch Spring increased from 8l to 133 gpm, a64Yo

increase. At both of these locations, after the sharp increases, groundwater discharge rates

gradually declined over the next few years to rates lower than the pre-earthquake levels. It

seems likely that the seismic event that significantly altered the fracture controlled

groundwater system associated with the Tie Fork Wells and Birch Spring may have also

impacted the fracture-controlled system associated with Big Bear Spring.

8.2 Birch Spring

The hydrograph of Birch Spring (Figure 9) shows two large peaks in 1988 and in 1990. The

hydrograph also indicates possible diminution of flow. The possible relationship between

mining and these events is examined below.

The Bear Canyon Mine permit area is hydraulically isolated from the groundwater flow

system that feeds Birch Spring. Several lines of evidence support this conclusion.

The fracture system from which Birch Spring discharges is isolated from the Bear Canyon

Mine workings by the Blind Canyon Fault, which has approximately 200 feet of offset.

There is no evidence to suggest that quantities of water sufficient to supply the discharge to
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Birch Spring can migrate across this fault. In general, the faults encountered in the Bear

canyon Mine (including the Blind canyon Fault) are filled with clay-rich gouge, which is

relatively impermeable to groundwater flow. The Blind Canyon Fault gouge observed in the

Bear Canyon Mine is d.y and does not show evidence of having conducted water in the past.

Rather, the fault is believed to act as abarrier to flow. Additionally, the water-bearing

sandstone channel that was encountered in the Bear Canyon Mine is probably completely

truncated by the Blind Canyon Fault. The likelihood that there is another permeable

sandstone channel on the west side of the Blind Canyon Fault that could juxtapose the one

encountered in the mine in three-dimensional space after it had been offset 200 feet seems

remote.

The Blind Canyon Fault partitions the Blackhawk Formation groundwater systems in the

vicinity of the mine. Groundwater sampled from the vicinity west of the Blind Canyon Fault

(3rd West SoutQ had a radiocarbon age of 5,400 years, while groundwater encountered in the

sandstone channel east of the Blind Canyon Fault had a radiocarbon age of approximately

1,400 years. Thus, for sandstone channel groundwater to discharge at Birch Spring, it would

be necessary to flow across the Blind Canyon Fault gauge, then through the 5,400 year-old

water, then emerge at Birch Spring with an age of between 1,100 and 3,600 years. That this

could occur seems highly unlikely.

It has been suggested (JDOGM, 1999) that there is very little lateral communication between

the north-south trending sub-parallel fractures from which Birch Spring discharges. As

discussed in Section 5.3 and 5.4, the isotopic information collected for this investigation
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supports this conclusion. There is substantial variation in both the stable and unstable

isotopic compositions of waters from the different Birch Spring sources (Table 4). This

indicates that, even after more than 1,000 years in the groundwater system, the water

contained in individual fracture planes has not mixed with water in nearby, subparallel

fractures. Thus, from the recharge areas to the spring, the groundwater is likely contained

and transported within these fractures. These observations suggest that lateral inflow into the

fractures (i.e. from the sandstone channel encountered in the mine more than ll2 mile to the

east) does not occur in significant quantities.

As discussed below, it is our opinion that the baseflow of Birch Spring (approximately 30

gpm) has not been diminished. The measured declines in flow are likely the result of

incomplete capture of the entire discharge from the area. Therefore, if the sandstone channel

were the source of groundwater for Birch Spring, it would be anticipated that the discharge

from the spring would decline rapidly after the sandstone channel was first encountered and

began to be depressurized in 1991. That this is not the case suggests that Birch Spring is not

sustained by groundwater from the sandstone channel'

Peakflows

Before August 1988, the data reported in the Star Point Mine MRP indicate that the discharge

from Birch Spring was relatively constant. During the period from August 1988 to late 1990,

the discharge from Birch Spring fluctuated greatly. During this time, the Star Point MRP

data indicate that at least four distinct discharge peaks occurred. As discussed in Section

4.l.6,the beginning of this period of discharge variability occurred in August 1988, which
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correlates closely with the occrurence of an earthquake in the region. A similar effect from

the 1988 earthquake was observed in the Tie Fork Wells, suggesting that the initial peak

flows and the subsequent instability in discharge from Birch Spring was probably associated

by the earthquake. As discussed in Section 4.2.1, only relatively insignificant quantities of

water were encountered in the Bear Canyon Mine before August 1988. Therefore, it is highly

improbable that mining operations caused the increased discharge from Birch Spring in late

1988. Thus, the conditions in the groundwater system that supports Birch Spring may have

changed significantly before any mining-related impacts were possible.

It is uncertain if the larger peak in late 1990 is a residual effect of this earthquake. As noted

in Section 4.l.6,the large peak that occurs in late 1990 does not appear to be related to

climatic factors because it occws late in the year during a major regional drought. The peak

event of late 1990 was also accompanied by inflow of sediment to the spring boxes and by oil

and grease and fecal coliform contamination. These observations indicate that the large

inflow to the spring was in good communication with surface water. It has been suggested

(UDOGM, 1998) that the late 1990 peak flow could have been related to l) water impounded

in the Trail Canyon Mine, 2)water allegedly discharged from the Bear Canyon Mine through

the Blind Canyon Fan Portal, or 3) water pumped into old workings in the southem portion

of the Bear Canyon Mine.

Based on exhaustive examination of discharge, solute, and isotopic data, we have determined

that the data do not support or refute any of the proposed explanations. Furthermore, we are

of the opinion that the data needed to definitively pinpoint the cause of this peak flow may
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not exist. we do not believe that meaningful new data can now be gathered to resolve this

concern. During the past eight years, no similar discharge event has occurred, leading us to

believe that the cause of the anomarous discharge in late 1990 was transient and that the

conditions leading to this event likely no longer exist'

Diminution offlow

Discharge records suggest two possibly significant decreases in flow. The first possible

decrease is observed in the data reported in the Star Point Mine MRP. These data suggest a

constant baseflow discharge ofabout 85 gpm between January 1985 and July 1988' The

earthquake that occurred in August 1988 disrupted the baseflow discharge rate and caused

discharge to increase for several months. Following this initial earthquake-caused increase,

there is a general recession between August 1988 and January l99l to about 34 gpm, if peak

events are omitted. That this represents an actual diminution of baseflow is uncertain

because, as stated in Section 4.l.6,the historical discharge data from Birch Spring prior to

1991 are irreconcilable and possibly incongruous. Discharge data from NEWUA during this

time suggest that the spring discharge may have fluctuated between 30 and 70 gpm. Because

such fluctuations have not been observed since l99l,this suggests that perhaps a seasonal

component of discharge may have been lost. Regardless of whether there was a decrease in

baseflow or a loss of the seasonal component, we believe that all possible explanations are

speculative. Because the decrease followed the earthquake of August 1988, we favor the idea

that the earthquake caused some change in the groundwater system supporting Birch Spring

that resulted in decreased flows. We do not believe that this decline is mining related' We

also do not believe that any new data could be collected that would answer this question.
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The second possible decrease in discharge began in January 1991. The data indicate that

there is a gradual recession from 34 gpm in January 1991 to 15.5 pm in August 1998' We

suspect that the decline indicated by the discharge data do not reflect an actual decline in

discharge from the groundwater system that supports Birch Spring. Instead, these data reflect

decreasing effectiveness of the spring collection system. As noted in 4.1'6, part of the spring

collection system was unearthed and the spring boxes were exposed in September 1998, and

the combined discharge from the exposed spring boxes and the unearthed portion of the

system was 25 gpm. Additionally, as noted in 5.4, water discharges from seeps below the

spring collection area. Water from one of these springs has a stable isotopic affinity for water

discharging from Birch Spring. The seeps discharge in the flood plain of Huntington Creek

and it is quite possible that more water is also discharging from the alluvium directly to

Huntington Creek. Thus, we propose that there has been no mining-related impact to the

discharge fiom Birch Spring during the period since the flow meter was installed in the

collection system and reliable flow data have been collected.

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands

126 25 June 2001



g.0PROBABLEIIYDRoLoGICCoNSEQUENCESoFMINING

This section describes the probable hydrologic consequences (PHC) of coal mining in the

current Bear canyon Mine permit area (..current permit area') and the wild Horse Ridge area

("permit expansion area'). The distinction between these two areas is important because'

groundwater systems in these areas are hydraulically isolated from each other by the Bear

CanyonFault.ThisPHCdeterminationisrequiredbyR645-30|.T2SoftheStateofUtatt

Coal Mining Rules and appropriate subsections of the rules are referenced below accordingly'

This pHC determination is based on the data and information presented in Sections l-8 of

this document. A proposed monitoring plan is presented in Section 10 of this report'

The hydrologic evaruation presented in section r-g of this report also includes the Mohrland

area; however, C.W. Mining is not permitting the MoMand area at this time'

g.l Possible adverse impacts to the hydrologic balance (728.310)

9.1.1 Groundwater

In general, there are two mechanisms by which rnining in the proposed permit areahas the

potential to adversely impact natural groundwater discharge rates from horizons overlying or

underlying mine workings. The first mechanism is the direct interception and dewatering of

groundwater contained either in perched systems in horizons directly overlying the mined or

groundwater associated with faults or fractures. The second mechanism is the dewatering of

perched groundwater higher in the stratigraphic section caused by intemrption and

deformation of strata above subsided areas. These mechanisms are discussed below.
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Direct interception of perched gtoundwater

As described in Section6.3,most water encountered in the workings of the Bear Canyon

Mine in the crurent permit area discharges from inactive-flow perched ground'rvater systems'

Waters in these systems are not in good hydraulic communication with the recharge and

discharge areas. This is indicated by the radiocarbon ages of these waters (500-9'000 years),

the lack of tritium in these waters, and the rapid decreases in discharge rate after a source of

water is encountered (often days to weeks). Although a significant quantity of water has

discharged from the large sandstone paleochannel encountered in the northern extent of the

Blind Canyon Seam workings in the cunent permit area for a longer period of time, this

inflow is nevertheless supported by an inactive-flow groundwater system- Discharge from

this channel (measured at SBC-9 and SBC-10; Figure l0c and 10d) is taking longer to

decrease because of the greater length of that particular channel. Calculations of the steady-

state flux of groundwater in this channel (Section 8.1) suggest that the natural pre-mining

recharge and discharge rates for this channel is less than 2 gpm. The increasing radiocarbon

age of water (Section 5.3) in this charurel suggests that increased groundwater recharge to this

channel due to dewatering of this channel is probably not occurring.

In both the current permit area and the permit expansion area, relatively few springs

discharge from the stratigraphic horizons containing the mined coal seams or from horizons

below the coal seams (Star Point Sandstone). If there were impacts due to water being

encountered in the mined horizon, these are the springs that would be affected.
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Springs in and adjacent to the proposed permit area which discharge from the lower

Braclrfiawk Formation include sBc-7 in the current permit area, and 16-7-24'3 and SBG-I7

in the permit expansion area. It appears that SBC-7. which previously discharged near the

Blind canyon seam portals, may have been affected by encountering water in the Blind

Canyon Seam workings. As described in Section4'2'l,this spring discharged about 18 gpm

and did not display significant seasonal variation, varying by only about I gpm' SBC-7 went

dry shortly after the sandstone channel in the northem extent of the Blind canyon seam

workings was drained or depressurized, suggesting that some of the groundwater at SBC-7

was likely related to the groundwater in the sandstone channel'

Discharge data from springs 16-1-24-i and SBG-I7 are rimited, and it is not known if these

springs have a relatively constant discharge rate that might indicate that they are supported by

an inactive-flow groundwater system. Nevertheless, they discharge from a sandstone horizon

directly above the Blind canyon Seam. These springs discharge near the surface trace of the

Bear Canyon Fault and may be related to this structure. If these springs are not associated

with the Bear canyon Fault but instead discharge from perched systems in the Blackhawk

Formation, there is the potential that the flow paths of the groundwater system supporting

these springs may be intercepted by mining in the permit expansion area' Because the

discharge from these springs (about 5 gpm) is small relative to the baseflow in Bear creek

(about 50 gpm), the disruption of flow from these springs would not greatly affect the

hydrologic balance of Bear Creek'
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Springs that discharge from horizons below the mined coal seam in the current permit area

include the Panther Sandstone springs @ig Bear, Birch, Defa #1, and Defa #2)' Some or all

of the water discharging from the Panther Sandstone springs has antiquity, suggesting a

possible relationship with waters encountered by mine workings. However, as discussed

extensively in Section 8.0, these springs are hydraulically isolated from the groundwater that

has been encountered in the Bear Canyon Mine. Hence, we do not anticipate any impacts

from mining activities in the cunent permit area or in the permit expansion area to Panther

Sandstone springs.

Impacts to Big Bear Spring or other grotrndwater resources in the current permit area due to

mining in the permit expansion area zue not expected. These areas are separated by the Bear

Canyon Fault which likely prevents hydraulic cornmunication from between the west and

east side of the fault. That there is a hydraulic disconnect is indicated by the following:

l. The vertical offset of the Bear Canyon Fault is approximately 230 feet. It has been

our experience that faults with large displacements in the Blackhawk Formation, Star

Point Sandstone, and Mancos Shale are almost always filled with relatively

impermeable fault gouge because of abundant shale and mudstone. This suggests

that the plane of the Bear Canyon Fault is filled with fault gouge. Where the Bear

Canyon Fault is exposed near the headwaters of Bear Canyon, extensive fault gouge

is visible. Fault gouge is generally not capable of transmitting water as demonstrated

by the lack of water in the gouge of the Blind Canyon Fault where encountered by

the Bear Canyon Mine (MRP, Appendix 7-J,p- 78).
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If the Bear canyon Fault is filled with gouge, then the fault is abarier to flow both

vertically dou,n *.he fault, laterally along the fatrlt, or perpendicularly across the fault'

While, the fault plane itself may not support groundwater or groundwater flow, fault-

associated fractures on either side of the fault may support groundwater flow.

Consequently, any water-bearing fractures east of the Bear Canyon Fault are not in

hydraulic communication with fractures west of the fault that may be supporting

groundwater flow to Big Bear Spring.

Z. Groundwater recharge to the Panther Sandstone likely occurs where the Panther

Sandstone is exposed at or near the surface and the little water recharges the Panther

Sandstone from overlying horizons (Section 6.3). Along the Bear Canyon Fault,

adjacent to the Wild Horse Ridge area, the Panther Sandstone is juxtaposed against

the Blackhawk Formation, because of 230 feet of vertical movement along the Bear

Canyon Fault. Consequently there can be no direct hydraulic communication

between the Panther Sandstone west of the Bear Canyon Fault where Big Bear

Spring is located and the Panther Sandstone east of the fault in Wild Horse Ridge.

3. The rocks in the Wild Horse Ridge area dip to the southeast. Thus, groundwater in

bedrock formations in the Wild Horse Ridge area would naturally flow to the

southeast, away from the Bear Canyon Fault and away from Big Bear Spring.
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4. Two spring s,16-7-24-3 and sBc-17, discharge from the Blac**rawk Formation

immediately east of the Bear Canyon Fault in Bear Canyon' A third spring' SBC-14'

discharges from the Spring Canyon Sandstone near the location of the proposcd

portals for the Wild Horse Ridge expansion. All ee of these waters have elevated

TDS contents relative to Big Bear Spring or water encountered in the Bear Canyon

Mine. These waters also have unusual chemical compositions with magnesium and

sulfate being the dominant ions compared to Big Bear Spring water in which calcium

and bicarbonate dominate (Section 5.2.2). These chemical data suggest that there is

no hydraulic communication between the area east and the area west of the Bear

Canyon Fault.

One spring, SBC-14, discharges from a horizon below the mined coal seams in the permit

expansion area. This spring discharges from the Spring canyon Sandstone in the right fork

of Bear Canyon. As noted in Section 4.l.6,discharge from SBC-14 fluctuates from 0'5 to l5

gpm, suggesting that this spring is supported by a local, shallow groundwater system in good

communication with the surface. The discharge fluctuations measured in this spring suggest

nearly all of the discharge from SBC-14 is not supported by groundwater that flows for some

great distance through fractures associated with the Bear Canyon Fault' (Discharge from

such a groundwater system would tend to have a more constant discharge rate') Thus, this

spring should not be impacted if groundwater associated with the Bear canyon Fault or

groundwater associated with perched horizons in the Blackhawk Formation is encountered in

mine workings in the permit expansion area'
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we do not expect any additional large groundwater inflows to either the Blind canyon Seam

or Tank Seam workings in the current permit area. If coal mining recommences in the

Hiawatha Seam workings, there is a potential for water to upwell from the Spring Canyon

Sandstone if mining occurs where the elevation of the coal seam is below the elevation of the

potentiometric surface of the Spring Canyon Sandstone. The inflow rate of this water is

unpredictable. However, we do not anticipate that dewatering of the Spring Canyon

Sandstone will be a significant adverse impact to the hydrologic balance because l) water in

the Spring Canyon Sandstone has antiquity (Section 5.3) indicating that groundwater flow in

the sandstone is not active and2) there are no discernable discharges from the Spring Canyon

Sandstone (except the small seep BP-l).

Initially mine workings in the permit expansion area will likely not encounter any large

groundwater inflows. As in the current permit area,large inflows will only occur if mining

encounters a large water-bearing sandstone paleochannel. The location of such feafures is

not readily predictable. We anticipate that if a large water-bearing sandstone channel is

encountered, groundwater discharging from the channel will have antiquity and not be part of

an active flow system that supports discemable discharge to the surface.

Direct interception of water associated withfaults

Although groundwater is not associated with the Bear Canyon Fault in the current permit

area, it is not known if this feature will be the source of groundwater inflows when

approached from the east. Although we expect that water associated with the Bear Canyon
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Fault may be part of an inactive groundwater flow system, we reconrmend that if any water is

encountered an evaluation be made at that time to confirm this supposition.

Although groundwater that may be associated with the Bear Canyon Fault was encountered

in the Hiawatha Complex approximately 5 miles north of the Bear Canyon Mine, it appears

that the Bear Canyon Fault does not convey water from the Hiawatha area to the Bear

Canyon area. Water encountered in the Hiawatha Complex, which now discharges from the

Mohrland Portal, has a radiocarbon age in excess of 9,000 years, which is considerably older

than water in either Big Bear Spring or the Bear Canyon Mine (Section 5.3). Thus, water

inflows to the Bear Canyon Mine or water discharging from Big Bear Spring is not the same

water that is associated with the Bear Canyon Fault in the Hiawatha Complex. What this

means is that if water associated with the Bear Canyon Fault is encountered in the permit

expansion are4 it likely will not impact any significant groundwater resource in either the

current permit area or the permit expansion area.

Sub s iden ce-re lat ed fracturing and deformation

The second method whereby natural groundwater discharge rates may be adversely affected

results from intemrption and deformation of strata above subsided areas. Removal of coal

during second mining causes the strata immediately above the mined horizon to cave. Above

the zone of caving, bedrock fractures in response to subsidence. The height of the fracturing

zone can be related to mining height. A relationship applied at some western coal mines is

that subsidence fractures propagate upward to approximately 30 times the height of the

exhacted coal (Kadnuck, 1994). Rock strata above the fracture zone commonly bend rather
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than fracture. Near-sgrface fractures, which are the result of tension at the land surface

associated with differential subsidence, commonly extend less than 100 feet below the

surface.

In the curent permit area, mining has occurred in three seams, the Hiawatha" Blind Canyon,

and Tank Seams. At the Bear Canyon Mine second mining occurred in the Blind Canyon

Seam prior to mining in the overlying Tank Seam. This unconventional mining sequence

(i.e. exhaction of the lower seam first) provides a unique opportunity to evaluate the integrity

of the shata overlying second mined areas at a height of about 250 feet above the Blind

Canyon Seam. Mine personnel report (C. Reynolds, Personal Communication, 1999) that the

Tank Seam was intact and that vertical fractures did not extend as high as the Tank Seam.

Some existing fractures were opened or loosened. Subsided areas at this height above the

Blind Canyon Seam did experience bending as demonstrated by increased aperture along

horizontal bedding planes. What this means is that frachring propagates upward

considerably less than 250 feet. That fracturing does not propagate upward further is likely a

result of the presence of massive sandstones in the Blackhawk Formation.

The effects of second mining in the Tank Seam cannot be as intimately ascertained. Second

mining in both the Blind Canyon and the Tank Seams will cause fracturing to propagate

upward from the Tank Seam to a greater height than fractures would extend if mining

occurred in the Tank Seam alone. However, because of the ameliorating effect of the thick

interburden between the Blind Canyon and Tank Seams, it is unlikely that the height of

fracturing above areas of multiple seam removal will be significantly greater than the height
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of fracturing above second mined areas in the Tank Seam alone. Thus, we do not expect

fracturing to extend more than about 300 feet above the Tank Seam.

In the permit expansion area second mining will also occur in the Blind Canyon and Tank

Seams.

In the current permit area and permit expansion area, no springs have been identified which

discharge from the upper Blackhawk Formation or the Castlegate Sandstone, and only two

springs discharge from the Price River Formation. Thus, the bulk of the groundwater

resources in the area are found in the North Horn Formation and the Flagstaff Limestone. All

of the springs with significant discharges identified in the Flagstaff Limestone and North

Horn Formation are separated from the Tank Seam by more than 1,000 feet (Plate 6-10 of the

Bear Canyon Mine MRP). Thus, the groundwater systems from which these springs

discharge are well above the zone of potential impact from subsidence fractures that

propagate upward from the mine. Abundant clay and mudstone in the North Hom Formation

aids the quick healing of any subsidence-related fractures that do occur. Therefore, the

potential for these springs to be impacted as a result of mining-related activities is minimal.

9.1.2 Surface water

The mine plan for the current permit area and the Wild Horse Ridge permit expansion area

has been designed to prevent subsidence of Bear Creek, the right fork of Bear Creek, or the

Left Fork of Fish Creek. Thus, these perennial and intermittent drainages should not be

directly affected by mining. However, the hydrologic balance of these systems would be
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impacted if groundwater discharge that provided baseflow for these systems were impacted.

As noted in the previous section" impacts to the groundwater discharge rates are not expected.

The hydrotogic balance of Bear Creek below the mine discharge point will be affected by the

addition of mine water to the creek. This impact is discussed in Section 9.5'

9.2 Presence of acid-forming or toxic-forming materials (728.320)

Information on acid- and toxic-forming materials is contained in Appendix 6-C of the MRP'

Evaluation of these data using Guidelines for Management of Topsoil and Overburden (Table

2; Leatherwood and Duce, l9S8) revealed that there have been no poor or unacceptable (acid-

or toxic-forming) materials encountered in the permit area. Coal and rock strata in the permit

expansion area are expected to be identical to those encountered in the current permit area.

However, if any acid- and/or toxic-forming materials are discovered in waste rock in the

future, these materials will be disposed of in accordance with the requirements of R645-301-

731.300 and as outlined in Chapter 3 of the MRP.

Westem coal mines commonly contain sulfide minerals, which, when exposed to air and

water, oxidize and release H* ions (acid). The sulfide mineral pynte (FeSr) has been

identified in the Bear Canyon Mine. Although pynte oxidation does occur, acidic mine

drainage does not. Acid derived from pynte oxidation is readily consumed by dissolution of

carbonate minerals, which are pervasive throughout the rocks in the vicinity of the Bear

Canyon Mine. Iron liberated during pynte oxidation is readily precipitated as iron-hydroxide

and is not observed in the mine discharge water.
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9.3 Impact of coal mining on sediment yield from disturbed areas (728.331)

The sediment load of streams can be impacted by increased sediment yield from disturbed

areas and from subsided landscape above mine workings. Sediment control measures for

existing and proposed disturbed areas are describedin7.2.7 and7.2.8 of the MRP. It is

expected that the installation and maintenance of these sediment control structures will

prevent any adverse impacts to the sediment load of streams. Also of particular concem is

spring SBC-I4 which discharges immediately below the proposed portal area in the right fork

of Bear Canyon. This spring supports a small riparian area in the canyon. The portal

facilities, culverts, and sediment control structures have been specifically designed to prevent

impacts from sediment yield to this spring and riparian area.

Subsidence can result in either increased or decreased sediment loading of ephemeral and

intermittent streams. Differential subsidence can locally increase stream gradients, causing

higher flow velocities in the stream channel and greater sediment loading. However, this

impact would likely be localized and short-lived. If there is sufficient water in the drainage,

the increased erosion of easily eroded sediments will rapidly bring the channel to equilibrium

with the stream. If the altered substrate in the channel is not easily eroded, there will be no

increase in sediment loading of the stream. The sediment load of ephemeral and intermittent

streams would be decreased where subsidence causes water to be impounded. Here,

sediment would be deposited in the subsidence-induced depressions in the stream channel.

This occurrence would also be short-lived because sediment deposition in the depressions

would gradually bring the channel into equilibrium with the stream.
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g.4 Impacts to acidity, TDS, and other important water quality parameters (728.332)

There is the potential for surface water and groundwater quality to be affected by mining

operations. potential impacts to the acidity of surface waters and groundwaters resulting

from acid mine drainage were discussed in Section 9.2, andthe potential impacts of increased

suspanded solids were discussed in Section 9.3. Other potential impacts from coal mining

activity include increasing the concentration of total dissolved solids (TDS) and specific

solutes in streams that receive mine discharge water.

As discussed in Sectiong.2,pynte oxidation, which has the potential to cause acid mine

drainage, does occur in the mine environment. However, the ubiquitous presence of

carbonate minerals in the permit area results in the rapid neutralization of produced acid.

Therefore, acid mine drainage does not occur. Toxic forming minerals are generally not

found in the permit area. Thus, the potential for detrimental impacts to groundwater or

surface-water systems as a result of the discharge or seepage of mine discharge water to the

surface is minimal. In fact, the quality of water discharged from the Bear Canyon Mine

portals is generally better than that of the receiving water (Bear Creek). Bear Creek above

the mine discharge (BC-l) has an average TDS concentration of 5M mg/I, while the mine

discharge water (NPDES-004) averages 364 mg/l. The mean sulfate concentration of Bear

Creek water is263 mgl,while the sulfate concentration of the mine discharge water is less

than one fifth as great (51 mg/l).

The practice of using rock dust for the suppression of coal dust in a mine may potentially

impact the groundwater flowing through the mine by dissolution of the rock dust constituents
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into the water. Currently, only limestone or dolomite rock dust is used for dust suppression

purposes in the Bear Canyon Mine and this practice is expected to continue during mining in

the permit expansion area. Hence, it is doubtful that rock dust usage will adversely impact

groundwater quality.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used in the current

permit area and will be used in the permit expansion area. Groundwater contamination could

result from spillage of hydrocarbon products during maintenance of equipment during

operations, filling of storage tanks and vehicle tanks, or from tank leakage due to the rupture

of tanks. The probable future extent of the contamination caused by diesel and oil spillage is

expected to be minimal for three reasons:

l. No underground storage tanks will exist in the permit expansion area;

2. Spillage during filling of the storage or vehicle tanks will be minimized to avoid loss

of an economically valuable product;

3. The 1997 SPCC Plan provides for (and C.W. Mining has implemented) inspection

and operation measures to minimizethe extent of contamination resulting from the

use ofhydrocarbons at the site.

There are no transformers in the current or expanded mine permit areas that contain

polychlorinated biphenyls (PCBs). No surface roads capable of handling large volume and or

heavy truck traffic will be constructed in the permit expansion area. All roads will be

constructed and maintained in such a manner that the approved design standards are met

throughout the life of the entire transportation system (see Chapter 3 of the MRP). This fact
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reduces the potential for hydrocarbon spills. Salting of some roads within the lease area

occu6 during the winter months. Road salt is applied sparingly to minimize water quality

impacts to nearby surface-water and groundwater systems. The impacts resulting from road

salting in the permit area are expected to be minimal.

The springs that discharge above the mined horizons on Gentry Mountain are related to

shallow, active zone groundwater systems. These springs are not related to the groundwater

systems encountered in the mine. We anticipate no detrimental impacts to water quality to

these springs as a result of mining activities. Indeed, it is difficult to imagine a mechanism

whereby the water quality of springs that discharge above the mined horizon may be

significantly impacted by mining operations.

Groundwater systems from which the springs on Gentry Mountain discharge are not related

to the groundwater systems encountered in the mine. The water quality characteristics at

each of these springs have been well documented. Generally, the concentrations of

individual solute parameters have not changed significantly over time (Appendix A).

9.5 Flooding or streamflow alteration (728.333)

Flooding is a potential consequence of mine water discharge. Mine water discharge is a

significant addition to the baseflow of Bear Creek (Figures l9e and 19f). During low-flow

conditions, the continuous addition of sediment free mine discharge water to Bear Creek may

increase the erosion potential in the stream channel. The channel substrate below the mine

discharge is located on the Mancos Shale, which is highly erodable. However, the amount of

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands

t4l 25 June 2001



tolo ond Asoclolct, LC

water discharged from the Bear Canyon Mine is relatively small, averaging about 130 gpm

with a historic maximum of about 320 gpm. This relatively small quantity can be

accommodated in the inner, relatively stable portion of the channel. Significant bank erosion

is, therefore, unlikely. The sheam gradient in this reach of Bear Creek, approximately 6Yo,

suggests that in general this area has a relatively low erosion potential.

Localized flooding can occur due to increased overland runoff from disturbed areas. This is

minimized by runoffcontrol structures and sediment ponds. The proposed surface

disturbance in the right fork of Bear Canyon has been specifically designed to prevent

flooding of the discharge area of spring SBC-I4 or riparian areas supported by this discharge.

The mine plan for the current permit area and the permit expansion area has been designed to

prevent subsidence of Bear Creek, the right fork of Bear Creek, or the Left Fork of Fish

Creek. Thus no stream alteration is anticipated in these perennial and intermiffent drainages.

In ephemeral drainages, differential subsidence may cause some alterations of stream

channels. Possible changes are described above in Section 9.3.

9.6 Groundwater and surface-water availabitity (72S.334)

As described in Section 9.1 there are no expected impacts to the hydrologic balance of either

groundwater or surface water systems. Therefore, there are no probable impacts to

groundwater or surface water supply. There are no water supply wells in the permit area that

could be damaged by subsidence. As described in Sections 8.1 and 8.2, mining has not nor

should not affect the groundwater systems that support Big Bear and Birch springs. Thus, we

expect that Big Bear and Birch springs will continue to be available for culinary use.
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g.7 Contrminltion, diminution, or intermption of weter sourccs Q2t340)

Based on the information presented in this document, we anticipate that there should be no

contaminatioru diminution, or intemrption of water souces.
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1O.O REVIEW OF PROPOSED MONITORING PLAI\

The monitoring plan is designed to provide data to assist in determining whether mining

activities impact surface-water or groundwater resources in the current permit area and the

Wild Horse Ridge area. Specifically, six stream monitoring locations, eleven springs, four

monitoring wells at the surface, two in-mine monitoring wells, and two in-mine groundwater

inflow ileas are recommended for monitoring. The proposed monitoring locations are shown

on Figure 7N-2 of the MRP. The monitoring program is summarizedin Tables 5,6,7, and 8,

and is described below.

10.1 Streams

We recommend the regular monitoring of six stream locations in the current permit area and

the Wild Horse Ridge area. Included in the monitoring plan are locations on the Bear Creek,

Fish Creek, and Trail Canyon drainages. The recommended stream monitoring plan is

described below.

Bear Creek Drainage

Four sheam monitoring stations are recommended in the Bear Creek drainage. These include

BC-l (upper left fork of Bear Creek), BC-2 (lower Bear Creek below the mine discharge

point), BC-3 (lower right fork of Bear Creek), and BC-4 (upper right fork of Bear Creek).

BC-l and BC-4 are located topographically above the mine's surface facilities in Bear

Canyon. Discharge at BC-l represents the total surface flow from the main fork of Bear

Creek drainage above mine. Discharge atBC-4 represents the total flow from the upper right
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fork of Bear Creek. Because there are no surface disturbances or mine facilities above these

areas, it is highly unlikely that water quality in this stream could be impacted' However, to

verify that no impacts to water quality at these locations will occur and to facilitate the

determination of downstream mine impacts in Bear Creek, we recommand quarterly

laboratory operational water quality measurements at BC-l and BC-4. We also recommend

the quarterly monitoring of BC-l and BC-4 for flow'

BC-2is located on lower Bear Creek immediately below the mine discharge point- Because

of the potential for detrimental impacts to water quality in Bear creek as a result of mining

operations and mine-water discharge, we recommend quarterly laboratory operational water

quality measurements at BC-z. We also recommend quarterly monitoring of BC-2 for flow.

BC-3 is located on the lower right fork of Bear Creek immediately above the confluence with

the main fork, below proposed new mine surface facilities. We recommend quarterly

laboratory operational water quality and flow measurements at BC-3. This monitoring will

assist in determining any mining-related impacts to the strearn due to new surface

disturbances in the right fork of Bear Canyon.

Trail Canyon Drainage

MH-l is located in lower McCadden Hollow above the confluence with Trail Canyon Creek.

The water quality at MH-l has been documented through baseline monitoring activities at the

site. The solute chemical composition has not varied significantly during baseline

monitoring. Because there are no surface disturbances or mine facilities in the McCadden
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Hollow area" it is highly unlikely that water quality in this stream could be impacted.

However, to veriff that no impacts to water quality occur, and to establish that natural

seasonal variation in discharge in the creek is the result of climatic factors, we recommend

quarterly water quality field measurements and flow measurements at MH-l.

Fish Creek Drainage

FC-l is located on the Left Fork of Fish Creek in the lower Fish Creek drainage. This stream

drains a large zrea on Gentry Mountain and the eastern flanks of Wild Horse Ridge. The

water quality characteristics at FC-l have been well documented through baseline monitoring

activities. There are no surface disturbances planned for the area drained by the creek.

Therefore, no detrimental impacts on the water quality in the creek are anticipated. However,

to veriff that no impacts to water quality occur, and to establish that natural seasonal

discharge variation is the result of climatic factors, we recommend quarterly water quality

field measurements and flow measurements at FC-I.

10.2 Springs

The proposed monitoring program for springs is designed to provide verification that

l. Groundwater systems from support springs in the permit area operate independently

of inactive-flow perched groundwater systems encountered in mine workings,

2. The temporal variability of spring discharges is due to climatic variability (i.e. wet

and dry years), and

3. Mining is not affecting groundwater systems from which springs in the permit area

discharge.
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Ten recommended spring monitoring locations have been chosen in the current permit area

and the Wild Horse Ridge area to provide information regarding potential impacts from

mining. The springs have been selected from 1) the highland areas of Gentry Mountain in

the FlagstaffLimestone and North Horn Formation, and 2) the lower-lying areas on the

Blackhawk Formation and Star Point Sandstone. It has been demonstrated in this document

that the geologic formations that occur between the base of the North Hom Formation and

the lower Blackhawk Formation (the Price River Formation, Castlegate Sandstone, and upper

Blackhawk Formation) are generally unsaturated and do not support significant groundwater

discharge in the permit area. Therefore, because there are no significant springs to monitor,

we do not recommend monitoring sites in these formations'

G entry Mountain F lags taff Limes toneNorth Horn F ormation systems

Seven springs from the FlagstaffLimestone and North Hom Formation on the upland areas

of Gentry Mountain are proposed for monitoring. These include SMH-I, SMH-2, SMH-3,

SMH-4, SBC-12, SBC-16, and SBC-15. It has been demonstrated in this investigation that

the groundwater systems from which these springs discharge are not related to the

groundwater systems encountered in the mine. The water quality characteristics at each of

these springs have been well documented. Generally, the concentrations of individual solute

parameters have not changed significantly over time. As described in Section 9.1, all of the

FlagstaffLimestoneA{orth Horn Formation springs are separated from the coal seams by at

least about 1,000 feet of overburden. Therefore, as discussed in Section 9.1, the groundwater

systems from which these springs discharge are well above the zone of potential impact from

Investigation of gtoundwater and surface-water
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subsidence fractures that propagate upward from the mine. Thus, the potential for these

springs to be impacted as a result mining related activities is minimal. However, to

document that the variations in discharge from these springs is the result of climatic factors,

and to veriff that mining operations will not adversely impact water quality or quantity at

these springs, we recommend that these springs be monitored quarterly for field water quality

measurements and flow.

Blackhawk Formation and Star Point Sandstone groundwater systems

Significant groundwater discharge does occur from the Blackhawk Formation and Star Point

Sandstone in the permit area. We recommend regular monitoring of four springs in these

formations. These include SBC-4 (Big Bear Spring), SBC-5 (Birch Spring), SBC-14, and

SBC-17. We recommend that monitoring of SBC-6 be discontinued.

It has been demonstrated in this report that it is highly unlikely that mining operations could

adversely impact water quality or quantity at either Big Bear or Birch Springs. However,

these springs are important water supplies to adjacent municipalities. Because of this fact,

and to veriff that mining will have no impact on these springs, we recommend quarterly

monitoring at Big Bear and Birch Springs for both operational laboratory water quality

measurements and flow.

Spring SBC-14 discharges from the Star Point Sandstone in the vicinity of the proposed mine

expansion facilities in the right fork of Bear Creek. Because of the proximity of this spring
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to proposed surface disturbances, we recommend quarterly monitoring at SBC-14 for both

operational laboratory water quality meinurements and flow'

Spring SBC-17 is located in upper Bear Canyon near the Bear Canyon Fault. The spring

discharges from the Blackhawk Formation near horizons that contain the coal to be mined.

We recommend the regular monitoring of this spring to provide verification that mining

related activities do not impact groundwater resources in this area. Because of the close

proximity of this spring to the coal seams, we recommend monitoring for both laboratory

operational water quality measurements and flow.

Spring SBC-6 is located a few hundred feet northeast of Big Bear Spring. However, for the

past several years this spring has continually been dry. Therefore, we do not recommend

continued monitoring of this spring.

In-M in e gr oun dw at er infl ow s

C.W. Mining has historically monitored groundwater inflows in the Bear Canyon Mine at

SBC-9 (lst N, Mine Sump, sandstone channel drainage) and SBC-13 (lst E. Pillar Area

drainage from a sealed gob area). We recommend continued flow monitoring at these sites

on a quarterly basis. Because this water is either consumed as part of mining operations or is

discharged to the surface where water quality is closely monitored, we do not recommend

routine water quality measurements at these locations.
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Star Point Sandstone Monitoing Wells

C.W. Mining has historically monitored groundwater conditions in the Star Point Sandstone

through the use of both in-mine monitoring wells and deep wells drilled from the surface.

The purpose of this monitoring is to determine whether mining operations result in a decline

in the hydrostatic head on the Star Point Sandstone groundwater systems in the permit area.

We recommend that monitoring of the Star Point Sandstone continue. We recommend that

wells SDH-2, SDH-3, and MW-l l4 be monitored quarterly for water level. Additionally, we

recommend that in-mine wells DH-IA and DH-2 continue to be monitored quarterly for

water level. DH-4 is located in an area of the mine that will soon become inaccessible and

will not be able to be monitored. However, we believe that monitoring of the remaining two

Star Point Sandstone wells is more than adequate to characteize groundwater conditions in

the Star Point Sandstone in the relatively small area beneath the mine. It was demonstrated

in this document that there is minimal potential for impacting water quality in the underlying

Star Point Sandstone. Therefore we do not recommend routine water quality measurements

on the Star Point Sandstone wells.

f 03 Chemical Parameters

The recommended list of water quality analytical parameters for operational monitoring of

springs and streams is given in Tables 7 and 8.
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Table 5 Recommended monitoring program

Protocol

MonitoringWells

SDH.2

SDH-3

MW-114

DH.1A

DH.2

Sfeams

Bear Creek Drainage

BC-1

BC-2
BC-3

BC4

TrailCanyon Drainage

MH-1

Fish Creek Drainage

FC-1

Spnngs

SMH-1

SMH-2

SMH-3

SMH4
sBc-12
SBC-16

sBc-15
SBC4
SBC-s

sBc-14
sBc-17

I n-Mi ne grou n dwater i nflows

SBC-g

sBc-13

Comments

Sprrng Canyon member of Star Point Sandstone

Spdng Canyon member of Star Point Sandstone

Spring Canyon member of Star Point Sandstone

Spring Canyon member of Star Point Sandstone

Spring Canyon member of Star Point Sandstone

Bear Creek, upper main fork

Bear Creek, main fork below mine discharge point

Bear Creek, lower right fork

Bear Creek, upper right fork

Lower McCadden Hollow creek

Fish Creek, lower left fork

upland plateau area

upland plateau area

upland plateau area

upland plateau area

upland plateau area

upland plateau area

upland plateau area

Big Bear Spring, Star Point Sandstone

Birch Spring, Star Point Sandstone

Star Point Sandstone

Blackhawk Formation near Bear Canyon Fault

1st N. Mine Sump, sandstone channel inflow

1st E. Pillar Area, drainage from sealed gob area

A

A

A
A
A

8,1

8,1

8,1

8,1

8,3

8,3

c,4
c,4
c,4
c,4
c,4
c,4
c,4
c,2
c,2
c,2
c,2

D

D
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Table 6 Field and laboratory measurement protocol

Water level and flow measurements

A Monitoring well: quarterly water level measurements

B Sheam: quarterly discharge measurements

C Spring: quarterly discharge measurements

D In-mine groundwater inflow: quarterly discharge measurements

Water Quality

1 Stream: quarterly water quality operational laboratory measurements

2 Spring: quarterly water quality operational laboratory measurements

3 Stream: quarterly water quality field parameter measurements

4 Spring: quarterly water quality field parameter measurements
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Table 7 Recommended groundwater operational water quali$ monitoring

FIELD XIEASUREMENTS REPORTED AS

pH

Specific ConductivitY

Tempenature

I.ABORATORY MEASUREMENTS

TotalDissolved Solids

Carbonate

Bicarbonate

Calcium (dissolved)

Chloride

lron (dissolved)

lron (total)

Magnesium (dissolved)

Manganese (dissolved)

Manganese (total)

Potassium (dissolved)

Sodium (dissolved)

Sulfate

Cations

Anions

pH units

ps/cm @25"C
oc

mg/l

mgn

mgn

mg/l

mg,l

mg/l

mgfl

mg/l

mgI
mg/l

mg/l

mg/l

mg/|

meq/l

meq/l

Investigation of groundwater and surface-water

systems in the C.W. Mining ComPanY
coal leases and fee lands

25 June 2001



*loyo and Assoclolct, LC

Table 8 Recommended surface water operational water quali$ monitoring

FIELD MEASUREMENTS

pH

Specific Conductivity

Dissolved Oxygen

Ternperature

I-ABOMTORY MEASUREMENTS

TotalDissolved Solids

Carbonate

Bicarbonate

Calcium (dissolved)

Chloride

lron (dissolved)

lron (total)

Magnesium (dissolved)

Manganese (dissolved)

Manganese (total)

Potassium (dissolved)

Sodium (dissolved)

Sulfate

Oil and grease

Cations

Anions

REPORTED AS

pH units
ps/cm @25'C
mg/l

"c

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mgil

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

meq/l

meqfl
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Appendix A

Table A-l Field parameters, wat€tr quality parameters, and major-ion solute data

Table A-2 Tnceconstituent water quality data

Table A-3 Big Bear Spring discharge daa

Table A4 Birch Spring discharge data

Table A-5 Mine inflow rates

Table A-6 Monitoring well water level elerrations
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Table A.3 Big Bear Spring discharge data

big bear disclEQP.xls 17 Au9 99

Date GPM
TeeE-i

Oct-84
Nov-84
Dec-&4
Jan-85
Feb-85
Mar-85
Apr-85
May-85
Jun-85
Jul-85

Aug-85
Sep85
m{5
Nov€5
Dec{5
Jan{6
Feb86
Mar-86
Apr-86

May-86
Jun{6
Jul-86

Aug{6
Sep86
Oct-86
Nov-86
Dec-86
Jarr87
Feb87
Mar-87
Apr-87

May-87
Jun-87
Jul-87

Aug-87
Sep87
Oct-87
Nov-87
Dec-87
Jan-88
Feb88
Mar-88
Apr-88

May-88
Jun-88
Jul-88

Aug-88
Sep88
Oct-88
Nov-88
Dec-88
Jan-89
Fetr89
Mar-89

209
203
202
198
193
189
186
233
329
312
247
215
206
204
222
171
190
186
182
208
304
305
249
2',11

198
197
193
186
181
't76
171
170
'171

188
181

170
181
't70
160
153
151
147
't43
147
151
157
152
151
155
't51

146
142
139
'134

May49
Jun{9
JuF89

Arr$89
Sep89
Oct€9
Nov{9
Dec{9
Jan-90
Feb90
Mar-90
Apr-90

May-90
Jun-90
Jul-90

Aug-90
Sep90
Oct-90
Nov-90
Dec-90
Jan-91
Feb91
Mar-91
Apr-91

MaY-91
Jurr91
Jul-91

Aug-91
Sep-91
Oct-91
Nov-91
Dec-91
Jan-92
Feb92
Mar-92
Apr-92

May-92
Jun-92
Jul-92

Aug-92
Sep92
Oct-92
Nov-92
Dec-92
Jan-93
Feb93
Mar-93
Apr-93

May-93
Jun-93
Jul-93

Aug-93
Sep93
Oct-93

131
127
128
120
119
114
111
11'l
110
130
112
109
104
104
104
105
107
110
108
125
126
110
128
118
119
123
119
't13
1',t4
114
121
122
126
128
12'l
125
124
132
123
't12
107
107
104
110

98
98
98
95

111
'11'l
116
131
136
140

Dec-93
Jan-94
Feb94
Mar-94
Apr-94
May-94
Jun-94
Jul-94

Aug-94
Seg94
Oct-94
Nov-94
Dec-94
Jan-95
Feb95
Mar-95
Apr-95

May-95
Jun-95
Jul-95

Aug-95
Sep95
Oct-95
Nov-95
Dec-95
Jan'96
Feb96
Mar-96
Apr-96

May-96
Jun-96
Jul-96

Au9-96
Sep96
Oct-96
Nov-96
Dec-96
Jan-97
Fetr97
Mar-97
Apr-97

May-97
Jun-97
Jul-97

Aug-97
Sep97
Oct-97
Nov-97
Dec-97
Jan-98
Feb-'98
Mar-98
Apr-98

May-98

136
133
126
122
119
118
117
118
116
117
118
117
116
113
106
83
78
73
77
98

124
130
140
'144
143
143
142
139
137
136
137
142
148
148
150
143
143
141
133
133
129
128
130
138
146
152
150
144
143
140
137
132
128
126

Date GPM

-;5d-iz6,,'Jul-98 132
Date GPMffi
Feb-80 228
Mar-80 226
Apr'80 225
May-80 228
Jun-80 340
Jul-80 365

Aug-80 304
Sep80 245
Oct-80 2N
Nov-80 239

Dec€O 233
Jan-81 225
Feb-'81 198
Mar-81 175
Apr-81 228
May-81 224
Jun-81 220
Jul-81 226

Sep-81 155
Oct-81 152
Nov-81 156
Dec-81 160
Jan-82 161

Feb82 159
Mar-82 155
Apr-82 152
May-82 154

Jun-82 213
Jul-82 243

Aug-82 198
Sep-82 174
Oct-82 168
Nov42 167
Dec-82 168

Jan-83 167

Feb-83 167

Mar-83 167

Apr-83 166

May-83 166
Jun-83 310
Jul-83 378

Aug-83 319
Sep83 258
Oct-83 214
Nov-83 195
Dec-83 189

Jan-84 189
Feb-84 191

Mar-84 187
Apr-84 187

May-84 198
JunS4 335
Jul-84 321

Aug-84 299

Oct-98 144
Nov-98 135
Dec-98 135
Jan-99 135
Feb99 130
Mar-99 '126

Apr-99 124
May-99 123
Jun-99 126

Aug-98
Sep98

134
't43

Table A-3
Page 1 of 1



Table A4 Birch Spring discharge data
all birch discharge.xls 17 Aug 99

USGS NEWUA
Date GPMDate GPM

Star Point Mine MRP

25-May-78
10-Aug-78
11-Oct78
7-Nov-78

13-Dec-78
14-Jun-79
28-Jun-79
20-Jul-79

22-Aug-79
17-Sep-79
16-Oct-79

Jan-85
Feb85
Mar€5
Apr-85
May{5
Jurr85
JuF85

Aug€5
Sep85
d-85
Nov-85
Dec-85
Jan{6
Fetr86
Mar-86
Apr€6

May-86
Jun-86
Jul-86

Au946
Sep86
Oct€6
Nov{6
Dec-86
Jarr87
Feb87
Mar-87
Apr$7
May{7
Jurr87
Jul-87

Aug-87
Sep87
Oct-87
Nov-87
Dec-87
Jan-88
Feb-88
Mar-88
Apr-88

May-88
Jun-88
Jul-88

Aug-88
Sep-88
Oct-88
Nov-88
Dec-88
Jan-89
Feb-89
Mar-89
Apr-89

May-89
Jun-89
Jul-89

FeF85
Mar-85
Apr-85
May-85
Jun-85
Jul-85

Aug-85
Sep85
Oct-85
Nov-85
Dec{5
Jan-86
Feb86
Mar-86
Apr-86

May-86
Jun{6
Jul{6

Aug-86
Sep86
Oct-86
Nov-86
Dec-86
Jan-87
Feb-87
Mar-87
Apr-87

May-87
Jun-87
Jul{7

Aug-87
Sep87
Oct-87
Nov-87
Dec-87
Jan-88
Feb{8
Mar-88
Apr-88

May-88
Jun-88
Jul-88

Aug-88
Sep-88
Oct-88
Nov-88
Dec-88
Jan-89
Feb-89
Mar-B9
Apr-89

May-89
Jun-89
Jul-89

ZJ
19
19
19
19
10
10

9.3
2',1
'19

20

85
u
85
85
85
85
85
86
87
86
E5
85
85
u
u
u
85
86
86
85
u
85
87
85
85
86
85
86
86
86
85
84
89
85
83
81

81

82
81

82
81

81
105
133
't30

130
117
70
65
60
55
85

100
90

70

30

60

Table A4 Page 1 of 3



USGS
Date GPM

NEWUA
Date GPM

Star Point Mine MRP
Date GPM
Aug-89 85
Sep89 80
Oct-89 230
Nov-89 230
Dec-89 230
Jan-90 230
Feb-'90 70
Mar-90 65
Apr-90 60
May-90 70
Jun-90 85
JuF90 75

Aug-90 55
Sep90 40
@-90 40
Nov-90 38
Dec-90 U
Jan-91 U
Feb91 U
Mar-91 21

Apr-91 33
May-91 33
Jun-91 33
Jul-91 33

Aug-91 33
Sep91 33
Oct-91 33
Nov-91 33
Dec-91 33
Jan-92 29
Feb-92 29
Mar-92 29
Apr-92 29
May-92 28
Jun-92 29
Jul-92 28

Aug-92 29
Sep-92 27
Oct-92 27
Nov-92 27
Dec-92 27
Jan-93 27
Feb-93 27
Mar-93 27
Apr-93 27

May-93
Jun-93 29
Jul-93 29

Aug-93 25
Sep-93 25
Oct-93 25
Nov-93
Dec-93
Jan-94 29
Feb-94
Mar-94 23
Apr-94

May-94

Setr89
d{9
Nov{9
Dec-89
Jan-90
Feb90
Mar-90
Apr-90
iray-90
Jun90
Jul-90

Augr.90
Sep90
Oct-g0
Nov-90
Dec-90
Jarr9l
Feb91
Mar-91
Apr-g1

May-91
Jun-91
Jul-91

Aug-91
Setrg1
Oct-g1
Nov-91
Dec-91
Jan'92
Feb92
Mar-92
Apr-92

May-92
Jun-92
Jul-92

Augr92
Sep92
Oct-92
Nov-92
Dec-92
Jan-93
Fetr93
Mar-93
Apr-93

May-93
Jun-93
Jul-93

Aug-93
Sep93
Oct-93
Nov-93
Dec-93
Jan-94
Feb94
Mar-94
Apr-94

May-94

100

40

37.5

v
33
33
38
34v
36
33
33
33
33
33
29
n
n
n
28
28
n
28
28
27
27
27
27
27
27
27
27
26
25

24.5
24.5

24
25
24
24
24

24.5
24
23
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USGS
Date GPM

NEWUA
Date GPM
Jun-94 23

Star Point Mine MRP
Date GPM

JuF94
Aug-94
Sep94
Oct-94
Nov-94
Dec-94
Ja195
Feb95
Mar-95
Apr-95

May-95
Jun-95
JuF95

Aug-95
Sep95
Oct-95
Nov-95
Dec-95
Jan-96
Feb96
Mar-96
Apr-96

May-96
Jun-96
Jul-96

Aug-96
Sep96
Oct-96
Nov-96
Dec-96
Jan-97
Feb97
Mar-97
Apr-97

May-97
May-97
Jun-97
Jul-97

Aug-97
Sep97
Oct-97
Nov-97
Dec-97
Jan-98
Feb-98
Mar-98
Apr-98

May-98
Jun-98
Jul-98

Aug-98

22
22
22
22

22.5
22
22
22

21.5
22

21.5
21.5
20.5

20
20
20

20.5
2',1

20.5
20.5
20.5
21.5
21.5

21

20
21.5
19.5

20
19.5
19.5

19
19

19.5
19
16

14.5
16.5

17
17
19

Jul-94
Aug-94
Sep94
Oct-94
Nov-94
Dec-94
Jan-95
Fetr95
Mar-95
Apr-$5

May-95
Jun-95
JuF95

Aug-95
Sep95
Oct-95
Nov-95
Dec-95
Jan-96
Feb96
Mar-96
Apr-96

May-96
Jun-96
Jul-96

Au9-96
Sep96
Oct-96
Nov-96
Dec-96
Jan-97
Feb-97
Mar-97
Apr-97

May-97
May-97
Jun-97
Jul-97

Aug-97
Sep97
Oct-97
Nov-97
Dec-97
Jan-98
Feb-98
Mar-98
Apr-98

May-98
Jun-98
Jul-98

Aug-98

22

21.5

20.5

2't.5

21.5

20

20

20

19

16

18
18
18
18

18.5
19

19

15.5
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Table A-5 Mine inflow rates
inmine.xls 17 Aug 99

SBC-7
Date GPM

18
18
16

14.2
18
16
17
17
18
18

'18.7

1

0
0

0.2
o.2

0
0

0.7

SBC.8
Date GPM Date

SBG9
GPM

0312a88 18 0u27/p,0 't20

SBGlO

03122188
04/30/88
08/29/88
09/17188
10/31/88
11t29188
12t0488
02127189
05/25l89
08/28189
11129189
oa14190
05/30/90
08/28190
11127190
o2t28t91
05128191
07t29191
08/08/91

06/07/88
08/26/88
09/17188
10/31/88
11129188

1ZO7t88
0427t89
05/25/89
08/28189
11t29t89
02t27190
05/30/90
08/28190

o2t18t92
03t26192
o5114192

08t10192
10101192
02118t93
05/19/93
08/1 1/93
10t20t93
0?/09194
05/30/94
08/18/94
10/19/94
0ao7l95
05/08/95

21 05/30/90
21 08/28/90

20.5 11127190

22 02128191

21 05128191

20.4 07lnl91
21 08/08/91
31 10117191

12 0A1US2
12 05114192
0.5 08110192
0.5 10105/92
0.8 02J',18193

05/19/93
08/1 1/93
10t20t93
o2t09t94
05/30/94
08/'18/94
10/19/94
02107195
05/08/95
08124195
10t17t95
02127t96
0512'196
08/28/96
10/30/96
,aul97
o5l0'U97
08/01/97
10101t97
oaul98
05/01/98
08/01/98
10/01/98
oaut99
05/01/99

120
120
97
81

118
140
1',12

120
132
130
105
82

140
't77
165
152
't75
178
175
160
158
159
150
135
130
130
130
133
125
't25
't20
122
118
1't5
86
80
65
60

248
250
240
240
240
205
185
46
35
28
28
25
25
21

24
22
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Table Af Monitoring well water elevations
monwell.xls 0309/00

Wdl Date Elevation Well Date Elevation Well Date Elevation

DH-1A
DH.1A
DH-14
DH.1A
DH.1A
DH-14
DH.1A
DH.1A
DH.1A
DH-1A
DH-1A
DH-1A
DH-1A
DH-14
DH-1A
DH.1A
DH-1A
DH-1A
DH.1A
DH-14
DH-1A
DH-1A
DH-14
DH-14
DH-1A
DH-14
DH-1A
DH-.1A

DH-1A
DH-1A
DH.1A
DH-1A
DH.1A
DH.1A
DH-1A
DH-1A
DH-1A
DH-1A
DH.,1A

DH-1A

DH-1A
DH-1A
DH-1A
DH-1A

DH-2
DH-2
DH-2

01t27t93
02118193
03/23l93
04/30/93
05/26/93
06/1fl93
07/31/93
08/31/93
09/14193
10/26/93
11t2U93
12115/93
01120194
02t09t94
03t21t94
04t29t94
05/31/94
06t27t94
07t19t94
08128t94
09/30/94
10/30/94
11126194
1212294
01/04/95
02t07195
03/25195
04t29t95
05/09/95
06/29195

07/13/95
08/31/95
09/29195

10117195

11t2',U95

12t26195

o2t27t96
05122196

08/28196

10/29/96

02t27t97
05t28t97
08/31/97
10t30t97

01t27t93
o2t2a93
03t23t93

7419
7423
7422
742',1

7421
7421
7421
742'l
7421
7421
7421
7422
7421
7422
7422
7421
7422
7422
7422
7419
7422
7421
7422
7422
7422
7422
7424
7423
7423
7425
7425
7424
7424
7423
7423
7422
7423
7422
7422
7423
7424
7423
7424
7424

7535
7535
7535

DH-2
DH-2
DH-2
DH-z
DH-2
DH-2
DH-2
oH-2
DH.2
DH-2
DH-2
DH-2
DH-2
DH-z
DH.z
DH-2
DH-2
DH-2
DH-z
DH.z
DH.2
DH-2
DH-2
DH-2
DH-2
DH.2
DH.2
DH-2
DH-2

DH-2

DH.2
DH.2
DH.2
DH-2
DH.2
DH-z
DH.2

DH-2
DH-z
DH-2
DH-2

DH-4

DH.4
DH-4

DH-4

DH-4

DH-4

04/30/93
0525/93
06/15/93
07t31E3
08/31/93
09/14193
'tongl93
11n3t93
12115193
01t20t94
o2t10lg4
o3l21,9/.
MlNl94
05/31/94
o6t27194
07t19194
o8t29t94
09/30/94
10t26194
't1t26t94
12t22J94
01/04/95
02t07195
03/25195
04129t95
05/2319s
06/29/95
07t13195

08/31/95
09/29/95
10t17t95
1112',U95

1426t95
oz29t96
o5122t96

08/20/96
1 0/30/96

0227197

05t29197

08127197

10t29197

o2l't5194

o3t21194

04t29194

05131194

06127194

07t19t94

7533
7534
7533
7533
7s33
7531
7531
7533
7533
7533
7534
7533
7533
7533
7533
7533
7532
7532
7532
7532
7532
7532
7532
7535
7532
7532
7539
7il2
7534
7532
7533

7532
7530
7530
7529
7530
7530
7529
7528
7526
7524

7551
7550
7550
75/.9
7ilg
7550

DH4
DH4
DH.4
DH-4
DH.4
DH-4
oH.4
DH-4
DH-4
DH4
DH.4
Dl-l-i
DH4
DH-4
DH4
DH.4
DH4
DH4
DH4
DH.4
DH4
DH-4
DH4
DH4
DH.4

SDH-1

SDH-2
SDH.2

SDH.3
SDH.3

MW-114

MW-114

MW-114

MW-116

MW-116

MW-116

MW-116

MW-117
MW-117
MW-117
MW-117

08/31/94
09/30/94
10t27t94
11t26194
12122194
01/04/95
02107195
03/25l95
04/29/95
05123195
06/29195
07t13195
08/31/95
09/29t95
10/18/95
1'U2',U95
12t26195
02t27t96
0512296
08t23t96
10/31/96
02t27t97
05129197

08/30/97
10130197

08t29t94

o&t2a95
8197

08t26t95
8197

08t2?/96
09124196

10123197

10/18/95

07/'t9/96
09t24t96
10t23t97

10/18/95
07/19/96
09t24t96
10123197

7549
75,4,9

7549
7ilB
7ilB
75/,8
7548
7548
7547
7547
7547
7547
7il7
75r'.7
75/,8
7il8
7il7
7ilg
7il8
7ilg
7545
7549
7ilg
7il9
7ilg

7591

7964
7976

7600
7605

7650
7650
7651

7745
7744
7744
77U

7746
7746
7747
7746
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Appendix B

Laboratory reporting sheets for isotopic analyses



Cross-reference I nformation
iso xrdis 03Ct8/(X,

Sample designation on
laboratory reportng sheet

Deslgnaffon used in
this report

FBGl

FBC4

FBG5

FBffi

FBC-I3

WHR-3

WHR4

WHR.5

WHR.s-UP

MH.l

SMH4

SMH.2

SMH.l

SMH-3

sBc19

SBGl6

sBc-15

SBC.ISUP



GEOCHRON LABORATORIES advisionof

KRUEGER ENTERPRISES, INC.
7II CONCORD AVENUE T CAMSRIDGE, MASSACHUSETTS O2t38 . U S A

TELEPHONE: (617) 876'3691 IELEFAX: (517) €51-0148

MDIOCARBON AGE DETERMI NATION REPORT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submilted by:

GX.22599.P R IOR ITY

Ietter of 11/14/96

l'lr. Erik C. Petersen
Mayo & Associates
710 Easl 100 llo rf h
Lindon, Utah 84042

Date Received: i1/ 15/96

Date Reported: 1 1 /22/ 96

Sample Name: 3rd West Souf h (Co-op Mine )
groundwater precipitate

AGE = 10,470 +/- 435 C-'14 years BP (C-1
(27.16 +/- 1.48) % of the modern

3 corrected ) .
(1950) C-14 activity.

Oescription: Sample of groundwater prec ipitale.

Pretreatment' The barium salt precipibate was rapidly vacuum filtered
and immediatel-y hydrolyzed, under vacuum bo recover
carbon dioxide from Lhe barium carbonates for the
anal-ysis. C-13 anaLysis was made on a small portion
of the same evolved gas.

Comment:

r13/^ --10.6 ctu vPoB- b

Notes: This date is based upon the Libby half life (5570 years) fortaC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a divrsion of

KRUEGER ENTERPRISES, INC.
71I CONCORD AVENUE + CAMBRIDGE. MASSACHUSETTS 02138 ' U S.A
TELEPHONE (617) 876-3691 TELEFAX: (617) 661-0118

MDIOCARBON AG E DETE RM I NATION REPORT OF ANALYTICAL WORK

Our Sample No,

Your Reference:

Submitted by:

GX-22598-P RIORITY

Ietter of 11/14/96

Mr. Erik C. Petersen
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received: 1 i / 15/ 96

Oate Reported: 11 /22/ 96

Sample Name: 3rd West, Bleeders (Co-op Mine )
groundwater precipitate

AGE . 5,23O +/- 265 C-'l 4 years BP (C-13 corrected).
$2.16 +/- 1.73) % of the modern (1950) C-14 activity.

Description:

Pretreatmenl:

Sample of groundwater prec ipitafe .

The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonates for fhe
analysis. C-1 3 anaLysis was made on a smalL porbion
of the sarne evolved gas.

Comment:

6t3oooa - '10.9 L

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% ol the activity of N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1950,



GEOCHRON LABORATORIES " 
dvrsion ol

KRUEGER ENTERPRISES, INC.
7II CONCORD AVENUE T CAMBRIDGE, MAS9ACHUSETTS 02138 I U S A

TELEPHONE: (5t7)876-3691 TELEFAX: (617) 651'0148

MDIOCARBON AGE DETERMINATION REPOHT OF ANALYTICAL WORK

Our SamPle No. CX-22600-pRIORITy

Your Reference: letber of 11/14/96

Submitted by: Mr. Erik C. Petersen
Mayo & Associates
710 Easb 100 North
Lindon, Utah 8q042

Date Received: 1 1 / 1j/ 96

Oate Reported: 11 /22/ 96

Sample Name: SBC-9 Source (Co-op Mine )
groundwater precipitate

AGE - 5,890 +/- 21Q C-14 years BP (C-13 corrected ).
(48.04 +/- 1 -26) % of the modern (lglO) C-14 activity.

Descriplion:

Pretreatment:

Sarnple of groundwater prec ipitate.

The barium salt precipibale was rapidly vacuum filtered
and inmediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonates for Lhe
analysis. C-1 3 analysis was made on a small porbion
of fhe same evolved gas.

Comment:

6t3coor--10.5 L

Notes: This date is based upon the Libby half life (5570 years) for ]aC. The error stated is *1o as judged
by the anatytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced lo the year A.D. 1950.



GEOCHRON LABORATORIES advisionof

KRUEGER ENTERPRISES, INC.
7'I CONCORO AVENUE } CAMBRIDGE. MASSACHUSETTS 02138 '
TELEPHONE: (617) 876'3691 TELEFAX: (617) 661'0t18

U.S.A

MDIOCARBON AG E DETERM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-2260 1 .P RIORITY

letter of 11/18/96

Mr. Erik C. Petersen
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Receivecl: 11/ 19 / 96

Date Beported: 11/ 27 / 96

Sample Name:

AGE =

DH-z (Co-op Mine) 15 November 1996
groundwater PreciPibate

5,540 +/- 280 C-14 years BP (C-t3 corrected)'
7SO,tl +/- 1.76) % of tfre modern (1950) C-'14 activity.

Description:

Pretreatment:

SampIe of groundwater precipitate-

The barium salt precipitate was rapidly vacuum filfered
and immediately hydrolyzed, under vacuum bo recover
carbon dioxide from the barium carbonates for the
analysis. c-13 analysis was made on a small- porbion
of the same evolved gas.

Comment:

r13a - - 10 .8 !to vPoB- b

Notes: This date is based upon the Libby hatf life (5570 years) for t'C. The error stated is r1o as judged

by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxatic Acid.

The age is referenced to the year A.D. 1950.



RADIOCARBON AGE DEfER['rlMTlO],1

GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCOBD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff @geochronlabs com

REPORT OF AMLYT1CAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-24398-AMS

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

0 8/0 6/9 I

10/02/98

Sample Name:

AGE =

C.W. Mlnlng: SDH-2

3,450 t 40 14C years
(65.05/ t 0.31) o/o of

06/30/98

BP (t sC corrected).
the modern (1950) 14C actlvltY.

E!scription:

Pretreatment:

Comments:

613Cpos -

Sample of groundwater.

The sample was rapidly transferred, by aspiration, to the evacuated flask, and acidilied
lo recover carbon dioxide from the dissolved carbonates for the analysis. 'l3C analysis
was performed on a small portion of the same evolved gas.

The sample yielded very little carbon and analysis by accelerator mass spectrometry
was required.

-25.6 %o z

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is + 1o as judged by

the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIAL]STS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 } U.S.A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: stalf @geochronlabs.com

REPORT OF AMLYTICAL \ /qBKMDIOCARBON AGE DETERMIMTIONI

Our Sample No.

Your Reference:

Submitted bY:

G X-24 399-AM S

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

08/06/98

10/02/98

Sample Name:

--. 
=

C.W. Mlnlng:

9,400 1 50 l4c
(35.14l t 0.1 8)

SDH.3

years
T" ol

06/30/98

BP (t gC corrected).
the modern (1950) 14C activitY-

Description:

Pretreatment:

Comments:

613Cpgg =

Sample of groundwater.

The sample was rapidly transferred, by aspiration, to the evacuated llask, and acidified

to recover carbon dioxibe from the dissolved carbonates for the analysis. 13C analysis

was performed on a small portion of the same evolved gas.

The sample yielded very little carbon and analysis by accelerator mass spectrometry

was required.

-11.6/ %"

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is + 1o as judged by

the analyticaldata alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECTALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES advisionof

KRUEGER ENTERPRISES, INC.
71I CONCORD AVENUE } CAMBRIDGE, IIASSACHUSETTS 02138 T U.S.A
TELEPHONE: (614 s76-369t TELEFAX: (617) 661'0148

RADIOCARBON AGE DETERMIMTIOI'I RE!oRT OF AMLITPALJ'O8K

Our Sample No. G X.2 4 400 Date Received:

Date Reporled:Your Reference: C.W. Minlng Company

submitted by: Mr. Kelly Payne
Mayo & Assoclates
710 East 100 North
Lindon, Utah 84042

08/06/98

08/1 9/98

Sampb Name:

AGE =

C.W. Mlning: T.S. North Bleeder 05/26/98

6,540 + 250 laC years BP (13C corrected).
1it.sv x 1.39) o/o'ol the modern (1950) tfC activity.

Description:

Pretreatment:

Comments:

613Cp9g = - 9.8/%.

Sample of groundwaler.

The barium salt precipitate was rapidly vacuum fillered and immediately hydrolyzed,
under vacuum, to rec6ver carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evoMed gas.

Notes: This date is based upon the Libby half life (5570 years) for 14C. The error stated is I 1o as judged by

the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GE@HRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES a clvision of

KRUEGER ENTERPRISES, INC.
7II CONCORO AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 ' U.S'A
TELEPHONE: (617) 876-36e1 TELEFAX: (6tA 661-0t48

RADMARBON AGE DETERMINATIOI.I REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-24401

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

08/06/98

08/1 9/98

Sample Name:

AGE =

C.W. Mining: Morhland Portal 06/10/98

12,990 t 400 lac years BP (tsC corrected).
(19.85/t 0.9S) o/o ol the modern (1950) 14C activity.

Description:

Pretreatment:

Commenls:

613Cpgg =

Sample of groundwater.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evoMed gas.

- 9.4i%.

Notes: This date is based upon the Libby half lile (5570 years) lor 1aC. The error stated is + 1o as judged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GE@HBONOLOGY A ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE } CAMBRIDGE, MASSACHUSETTS 02138-1002 ,} U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff @geochronlabs.com

MDTOCARBON AGE DETERMIMTION REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-2 4402

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Dats Received:

Date Reported:

08/06/98

08/1 9/98

Sample Name:

AGE =

C.W. Mining: SBC-4

4,655 t 185 taG years BP
(56.0{t 1.29) % ol rhe

05/25/98

(t sC corrected).
modern (1950) l4C activity.

Description:

Pretreatment:

Sample ol groundwater.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for lhe analysis.
13C analysis was made on a smallportion of the same evolved gas.

Comments:

613Cp9g = - g.dx.

Notes: This date is based upon the Libby half life (5570 years) for laO. The error stated is + 1o as judged by

the analyticaldata alone. Our modern slandard ls 95% of the activity ol N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 } U ' S. A
TELEpHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: statf @geochronlabs.com

MplocAREoN AGE oEIERMIMTTN REPORT CIF AMLYTIOAL WORK

Our Sample No.

Your Reference:

submined by:

GX-24403

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Undon, Utah 84042

Date Received:

Date Reported:

08/06/98

08/19/98

Sample Name:

AGE =

C.W. Mining: BC-l 05/26/98

4,390 t 145 lac years BP 1ta6 corrected),
(57.90/t 1.04) oh ot the modern (1950) 14C activity.

D/script ron:

Pretreatment:

Commenls:

613Op9g =

Sample ol groundwater.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a smallportion of the same evolved gas.

- 5.9/7-

Noles: This date is based upon the Libby half life (5570 years) for laO. The error stated is t 1o as judged by

the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPEC]ALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIBS
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff@geochronlabs.com

Our Sample No.

Your Reference:

Submitted by:

GX-2440 4

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 Easl 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

08/06/98

08/1 9/98

Sample Name:

AGE =

C.W. Mining: SBC-5 05/26/98

6,770 L 220 laG years BP ltog corrected).
({3.052t 1.17) 0,6 ol the modern (1950) 14C activity.

Description:

Pretrealment:

Commenls:

6'13CpOg =

Sample of groundwater.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

-10.6/ iL"

Notes: This date is based upon the Libby hall life (5570 years) for laC. The error stated is t 1o as iudged by

the anatyticaldata alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enlerprises, Inc.

711 CONCORD AVENUE } CAMBRIDGE, MASSACHUSETTS O2'I38-1002 + U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff @geochronlabs.com

MDI@ARBON AGE DEIERMIMTICN REPOru JtF AMly[qAu@K

Our Sample No.

Your Reference:

Submitted by:

GX-25313

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

01/15/99

03124199

Sample Name:

AGE =

SBC-9 Source

7,040 t 320 14C
(41.62 + 1.64) o/o

01/06/99

years BP ltsg
of the modern

corrected).
(1950) 14C activitY.

Descriptlon:

Pretreatment:

Commenls:

613Cp9g =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for lhe analysis.
13C analysis was made on a small portion ol the same evolved gas.

- 10.4 %o

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is + 1o as judged by
the analytical daia alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is refbrenced.to the year A.D. 1950.

SPECIALISTS IN GEOCHBONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138'1002 + U'S'A
TELEpHoNE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff @geochronlabs.com

RADIooARBON AGE DETERil'IML REPORT OF AMLYTICAL WORK

Our Sample No. GX-2531 |

Your Reference: C.W. Mining

Date Received:

Date Reported:

01/15/99

03t 24 | 99

Submitted by: Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Sample Name:

AGE =

Dela Spring #1

5,110 + 230 14C
(52.95 t 1.50) o/o

01/06/99

years BP (13C corrected)-.
of the modern (1950) 14C aclivitY.

Xcription:

Pretreatment:

Commenls:

6130p9g =

Sample of groundwater precipatate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

- 7.9 %"

Notes: This date is based upon the Libby half life (5570 years) for 14C. The error stated is + 1o as judged by

the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & TSOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises' lnc.

711 CONCORD AVENUE } CAMBRIDGE, MASSACHUSETTS 02138'1002 + U.S'A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: statf@geochronlabs'com

DETERMF.IA'

GX-2531s

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

REPORT Ai.|AU WORK

Our Sample No.

Your Reference:

Submitted by:

Date Received:

Date Reported:

01/15/99

031 241 99

Sample Name:

AGE =

Dela Spring #2

6,930 + 290 14C
(42.21 t 1.52) o/o

01/06/99

years BP (t sc corrected)-.
ol the modern (1950) 14C activitY.

Description:

Prelreatmenl:

Commenls:

613Op9g = - 10.2 %"

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to rec6ver carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas'

Notes: This date is based upon the Libby half life (5570 years) for l4C. The error stated is + 1o as judged by

the analytical data a6ne. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 '} U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff @geochronlabs.com

RADI@ARBON AGE DETERMIMTION REPORT OF AMLYTICAL WORK

Our Sample No. G X-24900

Your Reference: C.W. Mining

Submitted by:

Date ReceMed:

Date Reporled:

11t12t98

01t26/99

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Sample Name:

AGE =

FBC.6

2,030 t
(77.66 r

6/10/98

180 14G years BP
1.741 o/o of the

(t sC corrected).
modern (1950) 14C activity.

Description:

Pretreatment:

Comments:

613Cppg =

Sample of groundwater precipitale.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

- 11.1 %"

Notes: This date is based upon the Libby half life (5570 years) tor laC. The error stated is + 1o as judged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIBS
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSEfiS 02138-1002 } U, S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff@geochronlabs.com

Our Sample No.

Your Reference:

Submitted by:

G X -24 901

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11t12t98

01t26/99

Sample Name:

AGE =

FBC-13 6/10/98

1,390 + 135 tac years BP
(84.12 + 1.42) oh ot lhe

(l sC corrected).
modern (1950) 14C aclivity.

Description:

Prelreatment:

Commenls:

613Opgg =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, lo recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

. 11.0 %o

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is + 1o as judged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc'

TllcoNcoRDAVENUE+CAMBR|DGE,MASSAcHUSETTSo2I3S-1002+U.S.A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: stalf @geochronlabs'com

REPORT OF AML\TAALJORK

Our Sample No.

Your Reference:

Submitted by:

GX-24902

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Ulah 84042

Date Received:

Date RePorted:

11t12198

01t26/99

Sample Name:

AGE =

16-8-6-1

210 r 135
(97.42 r

6129198

14G years BP
1.67) oh ot the

(t 3C collected).
modern (1950) t4C activitY.

Description:

Pretreatment:

Comments:

Dl3Cp9g =
. 11.5 %.

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,

under vacuum, to recover carbon dioxi-de from the barium carbonates for the analysis'
13C analysis was made on a smallportion of the same evolved gas.

Notes: This date is based upon the Libby half life (5570 years) f91 ta6..The error stated is + 1o as judged by

the analytical data albne. Our modern standard is-95% of the activity of N'B.S. Oxalic Acid.

The age is referenced to the year A-D. 1950'

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRTDGE, MASSACHUSETTS 02138-1002 I U.S.A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: stafl@geochronlabs.com

IAD]OCARBON AGE DETERMTMTION REPORT OF AMLYTICAL WORK

)ur Sample No.

four Reference:

Submitted by:

GX-24903-LS

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Ulah 84042

Date Received:

Date Reported:

11t12198

01t26/99

Sample Name:

AGE =

16-8-6-1 10112198

1,770 t 2OO 14C years BP (l3C corrected)-._
(riO.zs + 1.95) o/o ol the modern (1950) 14C activity'

Description:

Pretrealment:

Comments:

Dl3Opgg =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum fillered and immediately hydrolyzed,

under vacuum, to recover carbon dioxide from the barium carbonates. The carbon

diox'x5e was converted to benzene and counted by liquid scintillation. 13C analysis was

made on a small portion of the same evolved carbon dioxide gas'

- 10.2 %"

Notes: This date is based upon the Libby half life (5570 years) for laO. The error stated is t 1o as judged by

the analytical data a6ne. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: slaff@geochronlabs.com

REPORT OF AMLYTICAL WORK\DIOCARBON AGE DETERMI}IATION

Date Received:

Date Reported:

r1t12t98

01t26/99
rr Sample No.

)ur Reference:

rbmitted by:

GX-24904

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

rmple Name:

lE=

Morhland Portal 10/1 2/98

13,610 t 640 laC years BP (13C corrected).
(1ti.39 t 1.46) oh 6t the rodern (1950) 14C activity.

lscription:

etreatment:

)mments:

lCpog = - 9.2 y-

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

rtes: This date is based upon the Libby half life (5570 years) for laC. The error stated is t 1o as judged by

the analytical data alone. Our modern standard is 95o/o of the activi$ of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Knreger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 } U.S.A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: stalf @geochronlabs.com

RADIOCARBOI{ AGE DETERMINATO{ REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

submitted by:

GX.2 4 90 5

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11t12198

01t26/99

Sample Name:

AGE =

sBc-4 10/29/98

4,890 t 400 i aC years BP
(54.39 + 2.721 6h of the

(13C corrected).
modern (1950) 14G activity.

Description:

Pretrealment:

Comments:

613Op9g =

Sample of groundwater precipitale.

The barium salt precipitate was rapidly vacuum filtered and immedialely hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates lor the analysis.
13C analysis was made on a small portion of the same evolved gas.

- 10.5 %.

Notes: This date is based upon lhe Libby half life (5570 years) for taO. The error stated is + 1o as judged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138'1002 + U . S. A
TELEpHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff @geochronlabs.com

RAD]OCARBON AGE DETERMhIATION REPORT OF AMI WORK

Our Sample No.

Your Reference:

Submitted by:

G X-2490 6

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11t12198

01126/99

Sample Name:

AGE =

sBc.5

6,330 +
(45.47 r

Overllow 10/29/98

240 lac years BP 1ts6 corrected)-.
1.37) "/o- ol the modern (1950) 14C activity.

Description:

Pretreatment:

Comments:

613Cpgg = - 10.4 %o

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a smallportion of the same evolved gas.

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is + 1o as judged by

the analytical data a16ne. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U. S ' A

TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: stafl@geochronlabs.com

RADIOCARBOI\I AGE DETE REPORT OF AMLYTICAL WORK

Our Sample No. GX-24907

Your Reference: C.W. Mining

Date Received:

Date Reported:

11112198

01126/99

Submitted by: Mr. Kelly Payne
Mayo & Associales
710 East 100 North
Lindon, Utah 84042

Sample Name:

AGE =

Birch #1 Source 10/29/98

7,290 t 350 14C years BP ltsg corrected)-'
1io.as + 1.75) "h ol tho iodern (1950) 14c activily'

iescriprion:

Prelreatment:

Comments:

613Cp9g = - 12.4 y..

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,

under vacuum, to recover carbon dlioxibe from the barium carbonates for the analysis'
13C analysis was made on a small portion of the same evolved gas.

Notes: This date is based upon the Libby half life (5570 years) lo1 
t+6..The error stated is + 1o as judged by

the analytical data a6ne. Our modern standard is-95% of the activity ol N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138.1002 + U. S. A

TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: stalf @geochronlabs.com

Our Sample No.

Your Reference:

Submitted by:

GX-24908

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11t12t98

01126/99

Sample Name:

AGE =

Birch

8,150
(36.21

#2 Source 10/29/98

t 380 14C years BP ltog+ 1.73) o/o ol the modern
corlecled).

(1950) 14C activity.

Pretreatment:

]ommenls:

il3Cpgg =

Sample of groundruater precipitate.

The barium salt precipitale was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evoMed gas.

9.8 %"

{otes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is + 1o as judged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCOBD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U.S.A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: stafl@geochronlabs.corn

RADIOCARBO.I AGE DEIERMIMTION REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Submilled by:

GX-24918

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11/18/98

01t26t99

Sample Name:

AGE =

sBc-3 11/9/98

2,980 t 350 14C
(69.00 + 3.01) o/o

years BP ltog corrected).
ot the modern (1950) 14C activity.

Description:

Pretreatment:

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, lo recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

Comments:

613Op9g = - 11.4 %o

llotes: This date is based upon the Libby hall life (5570 years) for 1aC. The error stated is t 1o as judged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. '1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES acrvision of

KRUEGER ENTERPRISES, [NC.
7IT CONCORO AVENUE i CAMBRIOGE, tiIASsAcHUsETTS 02t38 + U S.A
TELEPHONE: (617) 876-3691 TELEFAX: (6t Z) 66t.ot4s

STABLE ISOTOPE MTIO ANALYSES REPORT OF ANALYTICAL WORK

Submiltedby: Erik Petersen
Mayo and Associates
710 East 100 North
Lindon, UT 84042

DareReceived: 1 1/ 12/98
Date Reported: 03 /29/99
YourRelerence: Phone Call

Our Lab.
Number

Your Sample
Number Description o3s'

sR-99179 SBC-5 Overflow
10/ 29 / 98

** Duplicate analyses on

This is a re-analysis of a

BaS04

separate aliquots

sample originally

-8.4 -7.9 *r

of the original sample.

reported on 02/02/99.

'unless otherwis€ noled, analys€s are r€ported in L notation and ar€ cornpuled as follows:

6ss-.01"L = [:Flre -.,-1,.'*
L 

ss/ss","*",o 
J

Where:

sS/aS standard is Ganon Diablo |roilite sst?s 
= o.o4sm.4s



GEOCHRON LABORATORIES advisionol
KRUEGER ENTERPRISES, INC.
7II CONCORO AVENUE } CAMBRIDGE, IIASSACHUSETTS O2I38 . U.S.A
TELEPHONE; (6t7) 876-369,t TELEFAX: (6t4 661.0148

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Submlttedby: KelIy Payne
Mayo and Associates
710 East 100 North
Lindon, UT 840q2

Date Received: 08 / 06 / 98
Date Reported: 1 0/ 1 9 / 98

YourRelerencs C.l'1. Mining
Charles Reynolcls

Our Lab.
Number

Your Sample
Number Dascdptlon 6ss'

sR -9 8005

sR -98 006

sR -g 8007

sR-98008

sR -gB o0g

T.S. North Bleeder
5/26/98

Morhland Portal
6/10/98

sBc-4 5/26/gB

BC-1 5/26/99

sBc-5 5/26/98

BaS04

BaSO4

BaSO4

BaS04

BaS04

BaS04

BaS04

separate aliquots

+11 .2

+ 6.0

of the original

+ 3.1 '
+10.8 l*

+ 5,9 t*

+ 7.5-
+ 3.o ''

+ 9.1 "

+16.8 /

sample.

sR-98010 sDH-2 6/30/98

sR-9801 1 SDH-3 6/30/gB
fslf Dupl icate analyses on

'unless othswis€ oot€d, analys€s are reported in L notailon and ar€ compuled as lollows:

63sr.^p,"L = [ :t'-tttt:Itg -, l r rm
L "'*qt"-". J

Wher6:

sSl?S stanOaro ts Cafion Diablo troflito sslus 
= o.o4s(F45



GEOCHRON LABORATORIES a dr,ision ol

KRUEGER ENTERPRISES, INC.
7lt CONCORO AVENUE + CAMBRIOGE. ITt SSACHUSETTS o213s . U.S.A
TELEPHONE: (614 876-3691 TELEFAX: (5t7) 661-Ot4S

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Submlttedby: KelIy Payne
Mayo and Associates
710 East 100 North
Lindon, UT 84042

Dat€ Received: 01 / 15/99
Date Reported' 03/ 11/ 99

Your Belerence: C. lJ. Mining

Our Lab.

Number
Your Sample

Number Descriptlon 63's'

SR-99640 SBC-9 Source BaS04
1/6/99

SR-99641 Def a Spring tll BaS04
1/6/99

SR-9 9642 Def a Spring tlz BaS04
1/6/99

*r Duplicate analyses on separate aliquots

+10.9 +11'1 rr

+ 0.7

+ 3.5

of original sample.

'Unlgss oth€rwise noted, analysos ara reported in 1- notation and aro computed as follows:

6ss*,01"L = [ :':t-leg- -r l' r*
L 

-s/*sstenda,o 
J

vvher€:

ss/ss standa.d ls Cailon oiablo troilite sslus - oo4sm{5



GEOCHRON LABORATORIES advisionof

KRUEGER ENTERPRISES, INC.

STABLE ISOTOPE RATIO ANALYSES

7II CONCORO AVENUE T CAMBRIDGE. MASSACHUSETTS 02138 r U.S.A
TELEPHONE: (617) 876-3691 TELEFAX: (5t7) 661.0118

REPORT OF ANALYTICAL WORK

Submittedby: KeIly Payne
Mayo and Associates
710 East 100 North
Lindon, UT 84042

DateFt€c€iv€d: 1 1 / 16/ 98

Date Beported ' 02 / -2 / 99

YourReference: C.W. Mining
Charles Reynolds

Our Lab.
Numb€r

Your Sample
Number Descrlptlon 63's'

sR-99173 FBC-6 6/10/98

sR-99174 FBc-1 3 6/10/98

sR-991?5 16-B-6-1 6/10/98

sn-gg1?6 16-8-6-1 10/',\2/98

SR-991 77 Morhland PortaI
10/ 12/98

sR-991 78 sBc-4 10/29/98

SR-99179 SBC-5 Overflow
10/29 / 98

SR-99180 Birch ll1 Source
1o/29/98

SR-99181 Birch ll2 Source
10/29/98

sR-991 82 SBC-3 11 /09/98

r* Duplicate analyses on separate aliquots of

BaS04

BaSO4

BaSO4

BaSO4

BaSO4

BaSO4

BaSO4

BaSO4

BaSO4

BaS04

+1.9

+5.0

+2.Q

+1.8

+11.1 +10.9 l*

+5.1

-7 .8

+5.1

+5.0

+6.5

the original samPIe.

'Unloss othorwls€ not€d, analys€s arB rsported in L notation and are compuled as follows:

I ssl3?^ -l

6rs,',06l= l# -r lxrm
L -t'*qt.,'o* J

'----/ Where:

gSIPS 
standard ls Cailon Oiablo troilite

ss/rs = o.o{soo,r5



uNwF.l6n'\'(Xj

May 28, L99Z

Distribution:
' Co-Op Mining Company

Box L245
Huntington, Utah 84528

I'F:ITIUI't LABOIi.",1'ORY

D;r';.a RcLeasc i92-32 - Amendment
Job # lgr

CC_OP MT}IING COI.4PANY
.|RI'ITUM SAMPLES

Rrrscnsticl k'hr>o[ of Verine and Atnrospheric i'ie ncc
'frilium L.:rboratorr'

-i(r(X) Rickcnbackcr (-euscu av

)lrami, l-lorida ll l.i9-l u9t
( 1()s ) ]61-.1 l(x)

Research Professor



CIient: CO-oP MINING coI.lPT$IY
Recvd : 92/O4/LO Conracr:Job# : 391
Final : 92/05/25 LAB RETTEASUREMENT

CusC IABEL INFO JoB.sx REFDATE

Charles
Box

QUAI{T

Purchase Order: CHEGK

Reynolds, 801/381 -2450
L245 (fax) /38L-5238

Huntington, Ucah 84528

TU eTU

co-0P- -sBc-9

* Average of duplicac,e runs

39L.02 920408 1000 275 0.87* 0. I0



Ma)' 29 , -_t t -:

oistribution:
Co-Op Mining Conpany
Box 1245
Huntington, Utah 84528

TRITIUM I,ABORATORY

Data Release #92-38
Job # :ge

CC-OP MINING COMPANY
TRITIUM SAMPLES

Rosensticl Sch<>ol of Marine and Arnrospheric Sciencc
Tritium laboratory

-r(r()0 Rickcnbrckrr Caus<wav
Ilirmi. Florida JJ I {9.t098

( _i05 ) .16 r.{ I (x)

\ / ('.
'----77. I ^ r

- q\a-J )-.-3:,-:vt\\

Dr. Zafer Top
Research Professor



Cus r IABEL INFO

--JOB.SX 
REFDATE QUANT ELYS TU cTUco-0P--sBC-5

398. 01
* Average of duplicate runs

920427 1000 275 1. 12* o. 1o



;\prii :iO , ',1i.-,1

Distribution:
Co-Op Mining Company
Box 1245
Huntington, Utah 94528

TRTTIUM I"ABORATORY

li;i l:;r Releasc ;:92-32
,lcb # 391

CO-OP MINING COMPANY
T'RTTIUM SAMPLES

Rosenstiel School of Ntarine and ,{unosphe ric Scie ncc
'Iiitiunr laborlrorl'

4 6O0 Rickenbacker Causcrvay
Miami, Florida lll j9. 1098

(305) 16l-ll0o



Clienc: CO.OP I.TINING coMPANy
Recvd : 92/0A/LO
Job# : 391
Final : 92/0a/29

CusE LABEL INFO

Purchase Order: CllECt(
ConEact: Charles Reynolds , gOL/3e\-2450

Box 1245 (fax) /3eI-s23e
Huncingcon, Ucah 84528

J08.SX REFDATE QUAI|T ELYS TU eTU

co-oP- - sBc-4
c0-0P- - sBc- 9
co-oP- -sBc-10

920408 1000
920408 1000
920408 1000

263
275
267

1').';-''
!,7n,

, a,/.t/

,.^) ,f
2 ,/.'

t-!

I Gj'-"
(2'
t

17.2 0.5
0.90r 0.09
L.46 0.09

391.01
391. 02
391.03

r: RERUN in progress. please caII for resulc.

e,"I ,-'
ni\

a.|J"'

dnt'"'

-v"t"'

-.{t*\4*



Drrrchrrr Ord*: 12266
Contrct: Co-Op lllnlat Co. 80U687.2450

P.0. tor 1201 Pu .523t
llunltnjGoo, ll! 8452t

,ar.B Ir|DEL rNFo JoE.gx RBDATE QuAlfr ELys nt rt{t

Cllcne: @-OP XININC OoIiIPAIIY
Rrord z 96/05/24
Job# : 847
Ftnal z 96/06/L1

CO.OP IIRCII SPBING
CO.OP BIC BEAR SPRINC
co.oP 8Ec.9 sottRcB

E47.01 960520 1000 275 t
847.02 950520 950 229

0.35 0.10
L4.2 0.5

847.03 950515 1000 247 r 0.36 0.09
a a -- a - - a a -a a... a - -a -_ aa a. a a a a a aa aa a a - a a - _ a _ a a a a -

r: RERlltl tn piogrirr
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DistribuEion:
Erick C. Petersen
Mayo & Associates
710 Easf 100 NorLh
Lindon, UT 84042

January 3, !99'7

TRITIUM LABORATORY

Data Release #97-10
Job # 905

MAYO & ASSOCIATES
TRITIUM SAIVIPLES

OY

Head,
. Goce
Tric ium

Ost l-und
Laboratory

Rosenstiel x-hool of Marine and Atmospheric Science

Tritium LaboratorY

4600 Rickenbacker CausewaY

Miami. Florida 33149-1098 '(305) 361-4loO



Cllent
Recvd
Job#
Flnal

Cust IABEL INF1O

I{AYO and ASSOCIATES

e6/LL/t8
905
e7 /or/oz

co-oP
Concact: E. Peccrsen,

710 Easc

Purchase Ordcr: 96-0106
K. Palme , 8OL/796-0211

100 North (F)/785-2387
Llndon, Utah 84042

JOB.SX REFDATE QUAIIT ELYS TU eTU

MAYO- SBC-9 Source (CO'OP) 905.01 951113 1000 250 * 0.50 0.09

* Average of duPllcate runs



ttNIVERSII'\' Ol'

Distribu[ion:
Erick C. PeEersen
ivlayo & Associates
710 East 100 North
Lindon, UT 84042

TRITIUM LABORATORY

Data Release #97-11
Job # 906

MAYO & ASSOCIATES
TRITIUM SAMPLES

Rosenstiel School of Marine and Atmospheric Sciencc
Tritium laboratorY

4600 Rickenbacker CauscwaY

Miami, Florida 33 149' 1 098
(305) 361-4lOO

January 3, l-99'7

Head, Tritium Laboratory



CllCNE: }IAYO ANd ASSOCIATES

Recvd : 96/LL/L9
Job* : 905
Flnal : 97/0L/O2

Cust IABEL INFO

co-oP
Contact: E. Petersen,

710 Easc

JOD.SX REFDATE QUANI

Purchase Order: 96'0107
K. Palme , 80l/796-0211

100 North (F)/785'2387
Llndon, Utah 84042

ELYS TU eTtJ

MAYO- DH-2 (CO-OP) 906.01 961115 1000 275 -0.03 0.09



Distribution:
Erick C. Petersen
Mayo & Associates
710 East 100 North
Lindon, UT 84042

TRITIUIV{ LABORATORY

Data Release #97 -23
Job # 919

MAYO & ASSOCIATES
TRITIUIVI SAMPLES

Roscnsticl School of Marine and Atmospheric Science

Tritium l:boratorY
{ (r00 Rickenbacker Causewal'

Miami, Florida 331 49- | OL)8

(]05) 361-4lOo

February 20, 199'7

Head, Tritium Laboracory



Client: I{AYO ANd ASSOCIATES

Recvd t 97/OL/O2
Job# : 919
Final : 97/O2/I8

CusE ISBEL INFO

ENERGY UEST

Gontact: E.
Purchase Order: 96'0111

Petersen, K. PaYne, 8OL/796-O2LL
710 East 100 North (F)/785-2387

Li'ndon, Utah 84042

JOB.SX REFDATE QUAI|T

},|AYo- co.oP I|INE 3RD W.FAULT 919.01 96L2o9 1000 273 -0.02 0.09

'nf,,''"u-:lil



- 
l-/

.)rstrtblttron:
i.e I lY PaYne
t'layo & Assocrates
?10 Easr 100 North
Lindon, UT 81042

TRITIUM LABORATORY

Data Release H98-BB
Job # 1105

MAYO & ASSOCIATES
TRITIUM SAMPLES

Profe s sor

School of Marine and AtmoBPheric Sciencs
Tritium Laboratory

4500 Rickenbacker Causeway
uiami, Florida 33149-1098

Phone! (305) 361-4f00
Fax: (305) 361-4112

-- -: --i ^1"

October B, 1998

e Oscltrnd
Eme r l- r.".1 s

'l-H E ROSI:NSl'tl:L SCIHOOL

Rosenst ieI



CIienE: l"lAYO. and ASSOCIATES
Recvd:98/O8/06
,fob# : 1105
Final : 98/LO/o7

CusI I.ABEL INFO

C.W. MTNING

.TOB. SX REFDATE QUA}IT

Purchase Order: 98-0013
Contact: K. Payne 80L/796 -0211
710 E. r.00 Nort,h, (F) 785-2397

Lindon, UT 84042

ETU

MAYO-T. S . NORTH BLEEDER
IvIAYO - MORHLAND PORTAL
MAYO-SDH- 2

l,tAYO-SDH- 3

MAYO-SBC- 4

I,IAYO-BC- 1

MAYO-SBC-5 PRE.TEST
MAYO-SBC- 5

MAYO- FBC- 5
I4AYO- L6-7 -L2-6
MAYO-16-8-8-s
MAYO-15-8-6-1
t"tAYO- SBC- 12
MAYO-CANYON RD. SPRING
MAYO-16-8-5-1

1105.01
1105.02
1105 . 03
1105 . 04
1105. 05
1105.06

1105.07
1105 . 07

1105 .08
tro5.09
1105.10
1105. 11
1105. t2
1105.13
1105 . 14

980526
98 06 10
9806 3 0
980630
98 0525
98 0526

1000
1000
1 000
1000
1000
r000

1000
1000
100 0
100 0
1000
1000
1 000

980526 1000
980526 1000

27r
254
250
222
DIR
DIR

250
250

DIR
DIR
DIR
DIR
DIR
DIR
DIR

22
20
14
11
29
20
13

o.o't - 0.09
5 .52 - 0.19
0 .L3*/ 0.09
0.32*.. 0.09
13r'3
15r 3

05
0.49, - 0. 10

98 06 10
98 06 10
980629
980629
980629
980629
9805 3 0

3

3

ts 3

tr 3

3

?3
*- I

* Average of duplicat,e runs
r LABORATORY RERUN in progress. will report, by phone if different. from

ORIGINAL value.



l'\lVI:ltsl'l-\'

l{()51:\S lll

.fRITIUM LABORATORY

Data ReLease S98-88 - AmendmenE
Job # 1105

MAYO & ASSOCIATES
TRITIUM SAMPLES

November 1.8 , 19 9 8

. James D. ppel 1

sociate Researclr Professor

DrsLrrbution:
Kelly Payne
Mayo & Associates
"10 EasL 100 North
Lrndon, UT 84042

RosensEiel School of Marine and AtmosPheric Science
Tritium Laboratory

4600 Rickenbacker Causelray
Niami, Florida 33149-1098

Phone: ( 3o5 ) 361-4 r00
Fax: (305) 361-{112



CIienE: MAYO and ASSOCIATES - C'w' Mining

Recvd . 9e/o8/o6
JobS : 1105
Final z 98lLL/17 L'ABORATORY RERt'Ns

JOB.SX REFDATE

Purchase Order: 98-0013
conEact: K. Payne A01-1196-0211

z1O li. 100 North, (F) 185-2381
Lindon, ('I 84042

QUAI{T EI,YS TU ETU
Cust, I,ABEL INFO

MAYO-SBC-4 DIRECT

MAYO-BC.1 DIRE T

MAYO.l5-8.8.5 DIRECT

MAYO-16.8.5-1 DIRECT

1105 .05
1105.06
1105.10
1105.11

980526 1000
980526 1000
980629 1000
980629 1000

DTR

DIR
DIR
DIR

14f
13r
L2r
L2t

3

3

3

3

r A11 reruns agree with original runs;
of duPlicaEe runs

above values are averalte



l,;NIVERSI'f\' ( )l: C\
Ld

Januarv 5, 1999

TRITIUM LABORATORY

DaLa Release s99-05
Job # 1145

MAYO & ASSOCIATES
TRITIUVI SAMPLES

CSSOT

Drscributi-on:
Erik C ' PeIersen
MaYo & Associates
?10 Eas[ r00 NorCh
Lindon, UT 84042

Rosenstiel SchooL of Marine 6nd Atmospheric Science
Tritium Laboratory

4600 Rickenbacker causeway
lliami, Florida 33149-r098

Phon6: (305) 361-4r0O
Fax: (305) 36r-4r12

email : tritium€rsmas. miami' edu

'l lll li,()Sl:\S I ll:l S('ll()()l'

James
SLANI



Client.: MAYO and ASSOCIATES
Recvd.98/Lr/L2
.lob# : 114 5

Fina1 : 98/L2/3t

CUST LABEL INFO iIOB. SX REFDATE QUAI.IT ELYS TU

C. W. MINING Purchase order: 99-0016
eonEact: K. Payne 8OI/796 -0211
710 E. 100 North, (F) 785-239'l

Lindon, UT 84042

eTU

MAYO-C.W.M. MORHLAND PORTAL
MAYO-C.W.M. SBC-5 OVERFI,OW
MAYO-C.W.M. BIRCH 1 SOI,'RCE

MAYO-C.W.M. BIRCH 2 SOI'RCE
MAYO-C.W.M. SBC-3
MAYO-C.W.M. u L6-8-6-1
MAyo_c. w. M. pa;7_ 

7 _ 12 _ 6
rvtAYo-c .w .t4.wrec- s
MAYO-C.W.M. FBC-5
MAYO-C.W.M. FBC-6
MAYO-C.W.M. FBe-12
MAYO-C.W.M. FBC-13
MAYO-C.W.M. CANYON RD.
MAYO-C.W.M. CK-2
MAYO-C.W.M. BC-1
MAYO-C.W.M. SBC-4

DIR
DIR
DIR
DIR
DIR
DIR
DIR

DIR
DIR
DIR
DIR

L145-01
1145.02
1145.03
1145.04
1145.05
1145.06
1145.07
r145.08
1145.09
1145.10
1145.11
1145.12
r.14 5 . 13
1145.14
1145.15
1145.15

981012
98102 9

981029
981 02 9

9811 09
9 81012
9 81012
98 101 2
98101 2

9 I 1012
9 8 1012
981012
981012
9 81012
98102 9

981029

1 000
1000
1 000
1000
1 000
I 000
I 000
I 000
1000
1000
1000
1000
1 000
1 000
1 000
1000

245
2'15
266
275
275
DIR
DIR
DIR
DIR
DIR
DIR
DIR
DIR
DIR
DIR
DIR

5.41 0.18
o.4'7* 0.09
o.33* 0.09
0.37* 0.09
7 .79 0.26
L23
203
223
2L3
253
323
223
19 3

L'7 3

233
t73

Average of duplicat.e runs



UNIVERSITY

'l-l 
| | : ROSl:Nl;1-ll:l- SCIJOOI-

February 19, 1-999

TRITIUIVI LABORATORY

Dat.a Release #99-30
Job # 1169

MAYO & ASSOCIATES
TRITIUIvI SAMPLES

DistribuEion:
Erik C. petersen
Mayo & Associates'7I0 East 100 North
Lindon, UT 84042

Rosenstiel School. of M6rine and Atmospherj-c Science
1'rl,tium Laboratory

4600 Rickenbacker Causewav
Miami, FLorida ffrqg-tOS-8phone: (305 ) 361-4100

Fax: (305) 36r_41r2
6hiit, IFii,.,-t-^-

James
isEant Research Professor



CliCNt: }IAYO ANd ASSOCIATES

Recvd . 99/01116
ilobf :1169
Final | 99/02lLe

CuSE I.ABEL INFO

. C.W. MINING Purchaae Order: 99-OOO3

eontacts: K. Pa)znc eOL/196-0211
?10 E. 10O North, (F) 185'2387

Lindon, tIT 8{0{2

\toB. sx REFDATE QUAIU ELYS ru sTtl

MAYO-

MAYO-

MAYO-

SBC-9 Source
Defa Spring 1

Defa Spring 2

1169.01
LL69.02
1169.03

990106 1000
990106 1000
990106 1000

228
215
275

3.62 0.12
1 .70 0.25
7 .69 0 .25



Appendix G

Application of Selected Isotopes to Hydrogeologic Problems



Itloyo snd Issocioles, LC
Ccnsullcnls In lf7ldtogeol ogy

Application of Selected Isotopes to Hydrogeologic Problems

Oxygen-I8 (6tto ) and Hydrogen-Z (6tH )

Worldwide, the 62H and 6'80 of precipitation (rain and snow) generally follow the empirical
relationship:

62H =8(6'to)+d(yoo)

Wlere s is the slope and d is the deuterium (hydrogen-2) excess (Merlivant and Jouzel, 1983).

Craig (1961) and Dansgaard (1964) have shown that, on the global scale, s approximates 8 and d
approximates 10 for coastal meteoric water. The Meteoric Water Line (MWL) is therefore
defined as:

62H =8(6180)+lo(7oo)

The 6180 and 62H composition of groundwaters can be used to help evaluate the origin, flow and
mixing patterns of groundwaters. Groundwater recharged during cooler climates or at higher
elevations will have more negative isotopic compositions than groundwater that recharged during
warner climates or at lower elevations. Groundwaters which have been heated above about

100"C during deep circulation will exhibit a positive 6'80 shift relative to the 62H composition.
Groundwater of non-meteoric origin (i.e. connate and magmatic) will not plot along the MWL.

Carbon-l3 (6''C)

Most groundwater acquires 50 percent of its carbon from soil zone water and 50 percent of its
carbon from the dissolution of carbonate minerals in the soil zone or aquifer skeleton. Because
the 6r3C of marine carbonate minerals is about 0%oo (Muller and Mayo, 1986) and soil zone CO,
gas has a 6''C of -18 to -27o/a,most groundwaters have a 6'tC of approximately -9 to -l3o/oo.

Sulfur-34 (6*5)

The anticipated range of 63aS values in Mesozoic early Tertiary gypsum and anhydrite is +10 to
+20o/oo (Holser and Kaplan,1966). At non-thermal aquifer temperatures, isotopic fractionation
accompanying glpsum dissolution may be represented as:

CaSOo,,,

(634S : +15 o/n)

raS enrichment Ca2* + 59;-

= (634S : +9 o/a)

7lO Eost l0O North . Lindon, Utoh 84042 . 8Ol -796-02ll . Fox 801-785-2387



where the value 6'nS = +75o/oo has been arbitrarily selected.

The typical 6raS value of magmatic pyrite is about 0 %* (Faure, 1986). A 6145 of -2.2Y* has been

reported for pyrite in the Park City, Utah Distict (Thode and others, l96l)' Mayo and Klauk

(1991) found a mean 63nS of +l,3 7oo in groundwater from non-carbonate (crystalline rock)

aquifers in norlh central Utah. Mayo, Petersen, and Kravits (unpublished data) found a 63aS

value of pyrite in the SUFCO coal mine, Utah of +3.4/*. Sulfur isotopic fractionation does not

accompany the dissolution of pyrite.

Tritium (3I!

Tritium 13H;, the radioactive isotope of hydrogen, has been used in groundwater investigations to

differentiate between groundwaters which recharged prior to or after the advent of atnospheric

thermonuclear weapons testing. Tritium, whose half-life is 12.43 years, forms naturally in the

upper sfiatosphere by the interaction of 'aN with cosmic ray neutrons according to the reaction:

'oN+z='H +'tc

Tritium is rapidly incorporated into water molecules and is removed from the atmosphere by
precipitation.

Prior to the advent of atmospheric thermonuclear weapons testing in 1952, tritium activity in
precipitation ranged from 4 to 25 tritium units (TU). One TU equals one'H atom per lOE

hydrogen atoms. In mountainous areas, larger natural concentrations have been observed

(Fontes, 1983). During the peak of atmospheric weapons testing, tritium levels in precipitation

rose to more than 2,200TU in some northem hemisphere locations (Fontes, 1983). As of 1987,

the 3H concentations in rain water varied from 25 to 50 TU. Unpublished data of l99l ,1992,
and 1997 snow and rain samples collected in the central Wasatch Range, Utah have 'H
concenhations ranging from about 5 to 20 TU or more.

Carbon-14 (r4C )

Carbon-14, the radioactive isotope of carbon, has a half-life of 5730 * 30 years (Godwin, 1962)-

Carbon-14 is produced in the upper atmosphere by a variety of reactions that involve the collision

of cosmic radiation (neutrons) with stable isotopes of nitrogen, oxygen, and carbon. The most

important of these reactions is between neutrons and roN according to the reaction:

z + r4N +tnC]- p

where n is a neutron andp is a proton (Libby, 1955). Carbon-14 is incorporated into CO4r, and

rapidly mixes throughout the atmosphere and hydrosphere where steady state equilibrium

between InC production and InC decay is attained (Faure, 1986).

The pre-industrial revolution atmospheric raC content has been assigned the steady state value of
100 percent modern carbon (pmc). The buming of fossil fuels and the advent of atmospheric

thermonuclear weapons testing greatly altered the toC activity in post-industrial revolution

71O Eost 100 Norlh . Lindon, Uroh 84042 ' 801 -796-02ll ' Fox 80l'785'2387



atmosphere. Buming of fossil fuels, whose 'oC had previously completely decayed away,

decreased the r4C content in the troposphere in the northern hemisphere by about 3%

(Houtermans and others,1967). Atmospheric weapons testing greatly increased the atmospheric
taC activity by the mid-1960's (Ferronsky and Polyakov, 1982).

The post-industrial revolution atmospheric toC perturbations and laboratory measurement error in

measuring the r4C content of groundwater make the reliable lower limit for roC dating about 450
years. The upper limit of 'nC dating, using conventional laboratory analytical methods, is about

35,000 years.

Estimating the age of dead wood or other organic carbon is relatively simple. The r4C activity of
pre-industrial revolution organic material is assumed to be 100 pmc. The radiocarbon date is

then corrected for systematic variations in atmospheric InC that have been established by
comparing [.ee ring dates of the wood of Sequoia and Bristlecone Pines with their corresponding

radiocarbon ages (LaMarche and Harlan, 1973; Michael and Ralf, 1970).

Estimating the radiocarbon age of groundwaters is not as staightforward as estimating the age of
dead organic matter. Groundwater acquires carbon from numerous sources, many of which had

initial '1C activities of less than 100 pmc. The raC content of groundwater is affe cted by four
factors:

1) the addition of "live" carbon (i.e., roC: 100 pmc) from the biogenic production of
COzct in the soil zone,

2) the addition of "dead" carbon from the weathering of minerals in the soil zone and

the dissolution of carbonate minerals in the soil zone or aquifer (i.e., roC 
^, 0 pmc),

3) the addition of"dead" carbon from the soil or aquifer during isotopic exchange

reactions, and
4) the addition ofboth "live" and "dead" carbon by otherprocesses.

The crux of dating groundwater is estimating the initial r4C activity (1,) of the water at the time

of recharge. This may be accomplished by using the solute and isotopic chemistries of the

groundwater and applying correction procedures. Correction procedures for estimating A" are in
the form of mathematical equations that attempt to account for the contribution of "dead" carbon

and raC from various sources, and for the effects of the isotopic exchange and fractionation
processes.
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Appendix D

Diagram of Birch Spring sources
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PROBABLE TTYDROLOGIC CONSEQUENCES OF MrI\ING

This document describes the probable hydrologic consequences (PHC) of coal mining in the

current Bear Canyon Mine permit area ("current permit area") and the permit expansion area,

including the Mohrland area as described on page I of the June 25, 2001 report

"Investigation of groundwater and surface-water systems in the C.W. Mining Company

Federal Coal Leases and Fee Lands, Southern Gentry Mountain, Emery and Carbon

Counties, lJtah" by Mayo and Associates, LC. The distinction between these two areas is

important because, groundwater systems in these areas are hydraulically isolated from each

other by the Bear Canyon Fault. This PHC determination is required by R645-301-728 of

the State of Utah Coal Mining Rules and appropriate subsections of the rules. This PHC

determination is based on the data and information presented in Sections 1-8 of the 2001

report and is an addendum to the 2001 report. The hydrologic evaluation presented in

Section l-8 of the 2001 report also includes the Mohrland area.

1.1 Possible adverse impacts to the hydrologic balance (728.310)

1.1.1 Groundwater

In general, there are two mechanisms by which mining in the proposed permit area has the

potential to adversely impact natural groundwater discharge rates from horizons overlying or

underlying mine workings. The first mechanism is the direct interception and dewatering of

groundwater contained either in perched systems in horizons directly overlying the mined or

groundwater associated with faults or fractures. The second mechanism is the dewatering of
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perched groundwater higher in the stratigraphic section caused by intemrption and

deformation of strata above subsided areas. These mechanisms are discussed below.

Direct interception of perched groundwater

As described in Section 6.3, most water encountered in the workings of the Bear Canyon

Mine in the current permit area discharges from inactive-flow perched groundwater systems.

Waters in these systems are not in good hydraulic communication with the recharge and

discharge areas. This is indicated by the radiocarbon ages of these waters (500-9,000 years),

the lack of tritium in these waters, and the rapid decreases in discharge rate after a source of

water is encountered (often days to weeks). Although a significant quantity of water has

discharged from the large sandstone paleochannel encountered in the northern extent ofthe

Blind Canyon Seam workings in the current permit area for a longer period of time, this

inflow is nevertheless supported by an inactive-flow groundwater system. Discharge from

this charurel (measured at SBC-9 and SBC-10; Figure 10c and l0d) took longer to decrease

because of the greater length of that particular channel. Both SBC-9 and SBC-10 are now

inactive monitoring sites. Since 2002 all Mine I water, including discharge from the

paleochannel reports to SBC-9A. Because measured discharge at SBC-9A has been as low

as 3 gpm, it is likely that the discharge from the channel has essentially ceased.

Calculations of the steady-state flux of groundwater in this channel (Section 8.1) suggest that

the natural pre-mining recharge and discharge rates for this channel is less than 2 gpm. The

increasing radiocarbon age of water (Section 5.3) in this channel suggests that increased
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groundwater recharge to this channel due to dewatering of this channel is probably not

occurring.

In both the current permit area and the permit expansion area, relatively few springs

discharge from the stratigraphic horizons containing the mined coal seams or from horizons

below the coal seams (Star Point Sandstone). If there were impacts due to water being

encountered in the mined horizon, these are the springs that would be affected.

Springs in and adjacent to the proposed permit area which discharge from the lower

Blackhawk Formation include SBC-7 in the current permit area, and 16-7-24-3 and SBC-17

in the permit expansion area. No springs discharge below mining horizons in the Mohrland

Federal lease and private land area. It appears that SBC-7, which previously discharged near

the Blind Canyon Seam portals, may have been affected by encountering water in the Blind

Canyon Seam workings. As described in Section 4.2.1, this spring discharged about l8 gpm

and did not display signifrcant seasonal variation, varying by only about I gpm. SBC-7 went

dry shortly after the sandstone channel in the northern extent of the Blind Canyon Seam

workings was drained or depressurized, suggesting that some of the groundwater at SBC-7

was likely related to the groundwater in the sandstone channel.

Discharge data from springs 16-7-24-3 and SBC-17 are limited, and it is not known if these

springs have a relatively constant discharge rate that might indicate that they are supported

by an inactive-flow groundwater system. Nevertheless, they discharge from a sandstone
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horizon directly above the Blind Canyon Seam. These springs discharge near the surface

trace of the Bear Canyon Fault and may be related to this structure. If these springs are not

associated with the Bear Canyon Fault but instead discharge from perched systems in the

Blackhawk Formation, there is the potential that the flow paths of the groundwater system

supporting these springs may be intercepted by mining in the permit expansion area.

Because the discharge from these springs (about 5 gpm) is small relative to the base flow in

Bear Creek (about 50 gpm), the disruption of flow from these springs would not greatly

affect the hydrologic balance of Bear Creek.

Springs that discharge from horizons below the mined coal seam in the current permit area

include the Panther Sandstone springs (Big Bear, Birch, Defa #1, and Defa #2). Some or all

of the water discharging from the Panther Sandstone springs has antiquity, suggesting a

possible relationship with waters encountered by mine workings. However, as discussed

extensively in Section 8.0, these springs are hydraulically isolated from the groundwater that

has been encountered in the Bear Canyon Mine. Hence, we do not anticipate any impacts

from mining activities in the current permit area, the Wild horse Ridge lease area or the

Mohrland Federal lease area. to Panther Sandstone springs.

Impacts to Big Bear Spring or other groundwater resources in the current permit area due to

mining in the permit expansion area ate not expected. These areas are separated by the Bear

Canyon Fault which likely prevents hydraulic communication from between the west and

east side of the fault. That there is a hydraulic disconnect is indicated by the following:
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l. The vertical offset of the Bear Canyon Fault is approximately 230 feet. It has been

our experience that faults with large displacements in the Blackhawk Formation, Star

Point Sandstone, and Mancos Shale are almost always filled with relatively

impermeable fault gouge because of abundant shale and mudstone. This suggests that

the plane of the Bear Canyon Fault is filled with fault gouge. Where the Bear Canyon

Fault is exposed near the headwaters of Bear Canyon, extensive fault gouge is visible.

Fault gouge is generally not capable of transmitting water as demonstrated by the

lack of water in the gouge of the Blind Canyon Fault where encountered by the Bear

Canyon Mine (MRP, Appendix 7-J,p.78).

lf the Bear Canyon Fault is filled with gouge, then the fault is a barrier to flow

vertically down the fault, laterally along the fault, or perpendicularly across the fault.

While, the fault plane itself may not support groundwater or groundwater flow, fault-

associated fractures on either side of the fault may support groundwater flow.

Consequently, any water-bearing fractures east of the Bear Canyon Fault are not in

hydraulic communication with fractures west of the fault that may be supporting

groundwater flow to Big Bear Spring.

2. Groundwater recharge to the Panther Sandstone likely occurs where the Panther

Sandstone is exposed at or near the surface and the little water recharges the Panther

Sandstone from overlying horizons (Section 6.3). Along the Bear Canyon Fault,

Revised PHC of coal mining in the Bear Canyon
Mine, Wild Horse fudge, and Mohrland permit areas 'l Janual S- 2007



Mayo and Associates, LC

adjacent to the Wild Horse Ridge and Mohrland areas, the Panther Sandstone is

juxtaposed against the Blackhawk Formation, because of 230 feet of vertical

movement along the Bear Canyon Fault. Consequently there can be no direct

hydraulic communication between the Panther Sandstone west of the Bear Canyon

Fault where Big Bear Spring is located and the Panther Sandstone east of the fault in

Wild Horse Ridge and Mohrland areas.

3. The rocks in the Wild Horse Ridge and Mohrland areas dip to the southeast. Thus,

groundwater in bedrock formations in these areas would naturally flow to the

southeast, away from the Bear Canyon Fault and away from Big Bear Spring.

4. Two springs,16-7-24-3 and SBC-I7, discharge from the Blackhawk Formation

immediately east of the Bear Canyon Fault in Bear Canyon. A third spring, SBC-I4,

discharges from the Spring Canyon Sandstone near the location of the proposed

portals for the Wild Horse Ridge expansion. All three of these waters have elevated

TDS contents relative to Big Bear Spring or water encountered in the Bear Canyon

Mine. These waters also have unusual chemical compositions with magnesium and

sulfate being the dominant ions compared to Big Bear Spring water in which calcium

and bicarbonate dominate (Section 5.2.2). These chemical data suggest that there is

no hydraulic communication between the area east and the area west of the Bear

Canyon Fault.
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One spring, SBC-14, discharges from a horizon located below the mined coal seams in the

Wild Horse area. This spring discharges from the Spring Canyon Sandstone in the right fork

of Bear Canyon. As noted in Section 4.I.6, discharge from SBC-14 fluctuates from 0.5 to 15

gpm, suggesting that this spring is supported by a local, shallow groundwater system in good

communication with the surface. The discharge fluctuations measured in this spring suggest

nearly all of the discharge from SBC-14 is not supported by groundwater that flows for some

great distance through fractures associated with the Bear Canyon Fault. (Discharge from

such a groundwater system would tend to have a more constant discharge rate.) Thus, this

spring should not be impacted if groundwater associated with the Bear Canyon Fault or

groundwater associated with perched horizons in the Blackhawk Formation is encountered in

mine workings in the permit expansion area.

We do not expect any additional large groundwater inflows to either the Blind Canyon Seam

or Tank Seam workings in the current permit area.

When coal mining recorlmences in the Hiawatha Seam workings, there is a potential for

water to up well from the Spring Canyon Sandstone where the elevation of the coal seam is

below the elevation of the potentiometric surface of the Spring Canyon Sandstone. In the

Mohrland Complex (Blackhawk, Mohrland, Hiawatha, and King mines), located

immediately north of the Mohrland area, historical inflows as great as 100 gpm were reported

when the Bear Canyon Fault was intercepted. In the Bear Canyon Mine inflows were

typically less than 5 gpm and dried up shortly after initial encounter. Inflow rates in the
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Mohrland area are anticipated to be small, only a few gpm, because it is anticipated that the

Bear Canyon Fault will not be intercepted by the proposed mining except to access Leas U-

46484. Based on historical inflows in the Bear Canyon Mine from crossing the Bear Canyon

Fault, groundwater inflows should be minimal (i.e., only a few gpm) and should dry us

shortly after being encountered.

We do not anticipate that partial dewatering of the Spring Canyon Sandstone will be a

significant adverse impact to the hydrologic balance because l) water in the Spring Canyon

Sandstone has antiquity (Section 5.3) indicating that groundwater flow in the sandstone is not

active and2) there are no discemable discharges from the Spring Canyon Sandstone (except

the small seep BP-1).

Mine workings in the permit expansion area will likely not encounter any large groundwater

inflows. As in the current permit area,large inflows will only occur if mining encounters a

large water-bearing sandstone paleochannel. The location of such features is not readily

predictable, but in the existing mine area, channels have only been encountered in the Blind

Canyon Seam. No mining will take place in the Blind Canyon Seam within the Mohrland

Mine lease/private area. We anticipate that if a large water-bearing sandstone channel is

encountered, groundwater discharging from the channel will have antiquity and not be part of

an active flow system that supports discernable discharge to the surface.
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Direct interception of water associated withfaults

Although groundwater is not associated with the Bear Canyon Fault in the current permit

area, it is not known if this feature will be the source of groundwater inllows when

approached from the east. Although we expect that water associated with the Bear Canyon

Fault may be part of an inactive groundwater flow system, we recommend that if any water is

encountered an evaluation be made at that time to confirm this supposition.

Groundwater that may be associated with the Bear Canyon Fault was encountered in the

Hiawatha Complex approximately 5 miles north of the Bear Canyon Mine. Based on inflows

from the Bear Canyon Fault in the Hiawatha Complex, the maximum anticipated inflow from

the Bear Canyon Fault in the Hiawatha Mine will be 100 gpm. However, fault intercepts in

the Tank, Blind Canyon, Hiawatha Seams in the Bear Canyon Mine, suggests that the Bear

Canyon Fault does not convey water from the Hiawatha area to the Bear Canyon area.

Water encountered in the Hiawatha Complex, which now discharges from the Mohrland

Portal, has a radiocarbon age in excess of 9,000 years, which is considerably older than water

in either Big Bear Spring or the Bear Canyon Mine (Section 5.3). Thus, water inflows to the

Bear Canyon Mine or water discharging from Big Bear Spring is not the same water that is

associated with the Bear Canyon Fault in the Hiawatha Complex. What this means is that if

water associated with the Bear Canyon Fault is encountered in the permit expansion area, it

likely will not impact any significant groundwater resource in either the current permit area

or the permit expansion area.
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Subs idenc e-rel ated fracturing and deformati on

The second method whereby natural groundwater discharge rates may be adversely affected

results from intemrption and deformation of strata above subsided areas. Removal of coal

during second mining causes the strata immediately above the mined horizon to cave. Above

the zone of caving, bedrock fractures in response to subsidence. The height of the fracturing

zone can be related to mining height. A relationship applied at some western coal mines is

that subsidence fractures propagate upward to approximately 30 times the height of the

extracted coal (Kadnuck, 1994). Rock strata above the fracture zone commonly bend rather

than fracture. Near-surface fractures. which are the result of tension at the land surface

associated with differential subsidence. commonly extend less than 100 feet below the

surface.

In the current permit area, mining has occurred in three seams, the Hiawatha, Blind Canyon,

and Tank Seams. At the Bear Canyon Mine second mining occurred in the Blind Canyon

Seam prior to mining in the overlying Tank Seam. This unconventional mining sequence

(i.e. extraction of the lower seam first) provides a unique opporfunity to evaluate the integrity

of the strata overlying second mined areas at a height of about 250 feet above the Blind

Canyon Seam. Mine personnel report (C. Reynolds, Personal Communication, 1999) that the

Tank Seam was intact and that vertical fractures did not extend as hieh as the Tank Seam.

Some existing fractures were opened or loosened. Subsided areas at this height above the

Blind Canyon Seam did experience bending as demonstrated by increased aperture along

horizontal bedding planes. What this means is that fracturing propagates upward
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considerably less than 250 feet. That fracturing does not propagate upward further is likely a

result of the presence of massive sandstones in the Blackhawk Formation.

The effects of second mining in the Tank Seam cannot be as intimately ascertained. Second

mining in the Hiawatha, Blind Canyon and the Tank Seams will cause fracturing to

propagate upward from the Tank Seam to a greater height than fractures would extend if

mining occurred in the Tank Seam alone. However, because of the ameliorating effect of the

thick interburden between the Hiawatha, Blind Canyon and Tank Seams, it is unlikely that

the height of fracturing above areas of multiple seam removal will be significantly greater

than the height of fracturing above second mined areas in the Tank Seam alone. Thus, we do

not expect fracturing to extend more than about 300 feet above the Tank Seam.

In the Wild Horse Ridge permit expansion area second mining will occur in the Blind

Canyon and Tank Seams. In the Mohrland permit expansion area second mining will also

occur in the Hiawatha and Tank Seams.

In the current permit area and permit expansion area, no springs have been identified which

discharge from the upper Blackhawk Formation or the Castlegate Sandstone, and only two

springs discharge from the Price fuver Formation. Thus, the bulk of the groundwater

resources in the area are found in the North Horn Formation and the Flagstaff Limestone.

All of the springs with significant discharges identified in the Flagstaff Limestone and North

Horn Formation are separated from the Tank Seam by more than 1,000 feet of overburden
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(Plate 6-10 of the Bear Canyon Mine MRP). In the Mohrland area all springs are separated

from the Tank Seam by more than 1,000 feet of overburden. Thus, the groundwater systems

from which these springs discharge are well above the zone of potential impact from

subsidence fractures that propagate upward from the mine. Abundant clay and mudstone in

the North Horn Formation aids the quick healing of any subsidence-related fractures that do

occur. Therefore, the potential for these springs to be impacted as a result of mining-related

activities is minimal. This is important because Mohrland area springs SBC-I6, l6.{, 168,

18, and 21 provide base flow to the left fork of Fish Creek.

1.1.2 Surface water

The mine plan for the current permit area and the Wild Horse Ridge permit expansion area

has been designed to prevent subsidence of Bear Creek, the right fork of Bear Creek, or the

Left Fork of Fish Creek. Thus, these perennial drainages should not be directly affected by

mining. However, the hydrologic balance of these systems would be impacted if

groundwater discharge that provided base flow for these systems were impacted. As noted in

the previous section, impacts to the groundwater discharge rates are not expected.

The hydrologic balance of Bear Creek below the mine discharge point will be affected by the

addition of mine water to the creek. This impact is discussed in Section 9.5.

In the Mohrland Mine lease/private area no impacts are expected from undermining stream

or drainage charurels due to the depth of overburden. Previous mining in Mines #l and#2
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support this idea. ln Mine #l full coal extraction was followed by mining in the overlying

Mne#2. Despite the fact that only 200 feet of overburden separated Mines #1 and #2,the

Mine #2 coal seam and roof were intact when mining cornmenced in Mine #2.

1.2 Presence of acid-forming or toxic-forming materials (728.320)

Information on acid- and toxic-forming materials is contained in Appendix 6-C of the MRP.

Evaluation of these data using Guidelinesfor Management of Topsoil and Overburden

(Table 2;Leatherwood and Duce, 1988) revealed that there have been no poor or

unacceptable (acid- or toxic-forming) materials encountered in the permit area. Coal and

rock strata in the permit expansion area are expected to be identical to those encountered in

the current permit area. However, if any acid- and/or toxic-forming materials are discovered

in waste rock in the future, these materials will be disposed of in accordance with the

requirements of R645-301-731.300 and as outlined in Chapter 3 of the MRP.

Western coal mines commonly contain sulfide minerals, which, when exposed to air and

water, oxidize and release H- ions (acid). The sulfide mineral pynte (FeS2) has been

identified in the Bear Canyon Mine. Although pyrite oxidation does occur, acidic mine

drainage does not. Acid derived from pyrite oxidation is readily consumed by dissolution of

carbonate minerals, which are pervasive throughout the rocks in the vicinity of the Bear

Canyon Mine. Iron liberated during pyrite oxidation is readily precipitated as iron-hydroxide

and is not observed in the mine discharge water.
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1.3 Impact of coal mining on sediment yield from disturbed areas (728.331)

The sediment load of streams can be impacted by increased sediment yield from disturbed

areas and from subsided landscape above mine workings. Sediment control measures for

existing and proposed disturbed areas are described in7.2.7 and7.2.8 of the MRP. It is

expected that the installation and maintenance of these sediment control structures will

prevent any adverse impacts to the sediment load of streams. Also of particular concern is

spring SBC-14 which discharges immediately below the proposed portal area in the right

fork of Bear Canyon. This spring supports a small riparian area in the canyon. The porlal

facilities, culverts, and sediment control structures have been specifically designed to prevent

impacts from sediment yield to this spring and riparian area.

Subsidence can result in either increased or decreased sediment loading of ephemeral and

intermittent streams. Differential subsidence can locally increase stream gradients, causing

higher flow velocities in the stream channel and greater sediment loading. However, this

impact would likely be localized and short-lived. If there is sufficient water in the drainage,

the increased erosion of easily eroded sediments will rapidly bring the channel to equilibrium

with the stream. If the altered substrate in the channel is not easily eroded, there will be no

increase in sediment loading of the stream. The sediment load of ephemeral and intermittent

streams would be decreased where subsidence causes water to be impounded. Here,

sediment would be deposited in the subsidence-induced depressions in the stream channel.

This occurrence would also be short-lived because sediment deposition in the depressions

would gradually bring the channel into equilibrium with the stream.
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An escarpment failure study conducted by (add reference) identified the Left Fork of fish

Creek as an itrea that may be impacted by subsidence. The modeling activity included: 1) the

identification or potential instability areas along clifffaces and2) modeling of potential

failure along selected cliff face transects. Two areas within the lease boundaries and a third

area outside the lease boundary were modeled for potential cliffface failure. In all areas the

study found that escarpment failure would not present a hazardous condition. Locations of

the cross-sections (transect lines) of the modeled areas are shown on Plate 5.3 of the Bear

Canyon Mining and Reclamation Plan. The areas and potential impacts are summarized

below.

Section Distance to Stream Maximum Rock Fall Distance
C-C' 2.600 ft 950 feet
D-D' 1.980 ft 650 ft
E-E' 450 ft 450 ft (rock hit bottom of canyon)

Section C-C'

This section is located on Wild Horse Ridge against the left fork of Fish Creek near the

southeast end of Federal Lease U-38727 . The cross-section was selected where the

escarpments are the largest and the slope is the steepest. The model predicts that escarpment

failure will occur, but the falling rocks will not reach the stream channel. Therefore no water

related impacts would occur.
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Section D-D'

The section is located on Wild Horse Ridge against the left fork of Fish Creek near the

northeast end of Federal Lease U-38727. This section represents the transition area where

subsidence contours transition between the cliff face and the upland slope. Modeled

escarpment failure debris will not reach the stream channel, thus not stream impact will

occur.

Section E-E'

This section is located at the upper end of the right fork of Fish Creek between the two

stream segments of Federal Lease U-61049. Here Fish Creek flows through a box canyon

and the escarpment failure will impact the streambed. Because stream flows are minimal in

this area, typically 10-30 gpm, water quality impacts, primarily sediment loading, will be

minimal and short term.

1.4 Impacts to acidity, TDS, and other important water quality parameters (728.332)

There is the potential for surface water and groundwater quality to be affected by mining

operations. Potential impacts to the acidity of surface waters and groundwaters resulting

from acid mine drainage were discussed in Section 9.2, andthe potential impacts of

increased suspended solids were discussed in Section 9.3. Other potential impacts from coal

mining activity include increasing the concentration of total dissolved solids (TDS) and

specific solutes in streams that receive mine discharge water.
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As discussed in Section 9.2,pyite oxidation, which has the potential to cause acid mine

drainage, does occur in the mine environment. However, the ubiquitous presence of

carbonate minerals in the permit area results in the rapid neutralization of produced acid.

Therefore, acid mine drainage does not occur. Toxic forming minerals are generally not

found in the permit area. Thus, the potential for detrimental impacts to groundwater or

surface-water systems as a result of the discharge or seepage of mine discharge water to the

surface is minimal. In fact, the quality of water discharged from the Bear Canyon Mine

portals is generally better than that of the receiving water (Bear Creek). Bear Creek above

the mine discharge (BC-1) has an average TDS concentration of 5dA mg/I, while the mine

discharge water (NPDES-004) averages 364mg[. The mean sulfate concentration of Bear

Creek water is 263 m!1, while the sulfate concentration of the mine discharge water is less

than one fifth as great (51 mg/l).

The practice of using rock dust for the suppression of coal dust in a mine may potentially

impact the groundwater flowing through the mine by dissolution of the rock dust constituents

into the water. Currently, only limestone or dolomite rock dust is used for dust suppression

purposes in the Bear Canyon Mine and this practice is expected to continue during mining in

the permit expansion area. Hence, it is doubtful that rock dust usage will adversely impact

groundwater quality.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used in the current

permit area and will be used in the permit expansion area. Groundwater contamination could
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result from spillage of hydrocarbonproducts during maintenance of equipment during

operations, filling of storage tanks and vehicle tanks, or from tank leakage due to the rupture

of tanks. The probable future extent of the contamination caused by diesel and oil spillage is

expected to be minimal for three reasons:

No underground storage tanks will exist in the permit expansion area;

Spillage during frlling of the storage or vehicle tanks will be minimized to avoid loss

of an economically valuable product;

The 1997 SPCC Planprovides for (and C.W. Mining has implemented) inspection

and operation measures to minimize the extent of contamination resulting from the

use ofhydrocarbons at the site.

There are no transformers in the current or expanded mine permit areas that contain

polychlorinated biphenyls (PCBs). No surface roads capable of handling large volume and

or heavy truck traffic will be constructed in the permit expansion area. All roads will be

constructed and maintained in such a manner that the approved design standards are met

throughout the life of the entire transportation system (see Chapter 3 of the MRP). This fact

reduces the potential for hydrocarbon spills. Salting of some roads within the lease area

occurs during the winter months. Road salt is applied sparingly to minimize water quality

impacts to nearby surface-water and groundwater systems. The impacts resulting from road

salting in the permit area are expected to be minimal.
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The springs that discharge above the mined horizons on Gentry Mountain are related to

shallow, active zone groundwater systems. These springs, which include but are not limited

to SBC 12, | 5, 1 6, I 8, 20, 2I, and 22, and SCC- l, 2, 5, 6, and 7, are not in hydraulic

communication with groundwater systems that will be encountered in the mine. We

anticipate no detrimental impacts to water quality to these springs as a result of mining

activities. Indeed, it is difficult to imagine a mechanism whereby the water quality of springs

that discharge above the mined horizon may be significantly impacted by mining operations.

Groundwater systems from which the springs on Gentry Mountain discharge are not related

to the groundwater systems encountered in the mine. The water quality characteristics at

each of these springs have been well documented. Generally, the concentrations of

individual solute parameters have not changed significantly over time (Appendix A).

1.5 Flooding or streamflow alteration (728.333)

Flooding is a potential consequence of mine water discharge. Mine water discharge is a

significant addition to the baseflow of Bear Creek (Figures l9e and l9f). During low-flow

conditions, the continuous addition of sediment free mine discharge water to Bear Creek may

increase the erosion potential in the stream channel. The channel substrate below the mine

discharge is located on the Mancos Shale, which is highly erodable. However, the amount of

water discharged from the Bear Canyon Mine is relatively small, averaging about 130 gpm

with a historic maximum of about 320 gpm. This relatively small quantity can be

accommodated in the inner, relatively stable portion of the channel. Significant bank erosion
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is, therefore, unlikely. The stream gradient in this reach of Bear Creek, approximately 6%o,

suggests that in general this area has relatively low erosion potential.

Localized flooding can occur due to increased overland runoff from disturbed areas. Runoff

control structures and sediment ponds minimize local flooding. The proposed surface

disturbance in the right fork of Bear Canyon has been specifically designed to prevent

flooding of the discharge area of spring SBC- 14 or riparian areas supported by this

discharge. The mine plan for the current permit area and the permit expansion area has been

designed to prevent subsidence of Bear Creek, the right fork of Bear Creek, or the Left Fork

of Fish Creek. Thus no stream alteration is anticipated in these perennial and intermittent

drainages. In ephemeral drainages, differential subsidence may cause some alterations of

stream channels. Possible chanses are described above in Section 9.3.

In mine water from the Mohrland expansion will be discharged from the existing Mohrland

Portal (SCC-3). The portal currently discharges about 250 gpm, although historical flows

have exceeded 700 gpm. During the initial phase of mining approximately 200 gpm of this

discharge will be used for in mine process water. As mining progresses in situ mine water

will be used as process water and Mohrland Porlal discharges will increase. Assuming

excess in mine discharge will be similar to that in the Bear Canyon Mine, the discharge rate

from the Mohrland Portal may ultimately increase by about 50 -100 gpm creating a

maximum flow of 350 gpm based on the current best available data.

Revised PHC of coal mining in the Bear Canyon
Mine, Wild Horse Ridge, and Mohrland permit areas 22 January 8,2007



Mayo and Associates, LC

1.6 Groundwater and surface-water availability (728.334)

As described in Section 9.1 there are no expected impacts to the hydrologic balance of either

groundwater or surface water systems. Therefore, there are no probable impacts to

groundwater or surface water supply. There are no water supply wells in the permit area that

could be damaged by subsidence. As described in Sections 8.1 and 8.2, mining has not nor

should not affect the groundwater systems that support Big Bear and Birch springs. Thus, we

expect that Big Bear and Birch springs will continue to be available for culinary use.

1.7 Contamination, diminution, or interruption of water sources (728.340)

Based on the information presented in this document, we anticipate that there should be no

contamination, diminution, or intemrption of water sources.
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